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20 4 70 AW, TREALEE AU AE B R ER ISR, THETHLIE REA e &, ks
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AR B UL 20 HEAD 80 AR AR, A AL ple HI BR AT A3 T STHLIR AR BRI 4% K
S T e, e RN T SR AN G g . RGN 2 T EUN A TH LR N i S R R
FEANE Ko, RIS ot SEAL R 6 I MGRFRGEY K. fEREX SR RE, HAE RS mE N At
B Mg St BahitE kR, ERENES H A e, MERE@niee,
B N T AE.

1) PC BfE RS

20 &t 80 “EARH], LT Intel AEBLESIIAN AT 5 Hl——PC (Personal Computer) i
A, FFB DA H & TAERAETG . PC #:1E R G /e PC Bevh i P e
G5, EEMEA N e H % TAE ArA g R AEH . F30110) PC MLEAE R4 (W DOS)
SR PR A S AR AT 4 R GG 20 TEAD 80 4EACK, WonEiRMIA AL Eos
WARTVEAAWPRIC, PC #74E RGIT UGSt BB /1 Fhim . i fEREF PC [1IRE{: g
KIE$RTE, PCIRIERGGINT ZAESHLE], KGRI T RGmPEREM 5 F1E.

2) MEFIERS

M 20 tHEEE 80 fEART 4G, I BHLES KA R, TN ZIGIAETER, M
SEIA I P S R, ARRANILTE S B SR RATEALSRIRE RS2 L3I T
Xof ) £ 1 25 A R ZR BRI IK S RY s SRR ENL RN I (5 A R YL 2 . MR ERAE R GEikfie
T IR R g AR AR A T R 2% N T g

e R B L, W ER AR /N, I 28 g AR 48 (A N FH g B A Jey Sl kg Y L, A
PR ANS R . 20 HEZE 90 FEARH], Bl IR AN ELIR M IS BIR,  ESHRAE R
B AL M G FIFI BN HEKHFRAE ) TCP/AP (A5 PpSCRIARHER X 26 AR 45 B, AN
MR T RGURIEAE G, SCILT RPN S A 5 il #=.

3) A XERE RS

20 2l 90 AR, ARM AREERUEAE . DL ARM #5174 CPU [k A\ R G672
MEGE I, T AT D HE AR A A S R Rl N
21 225, BEE TIRMMBANEE AR AR, FET ARM L3381 B i fix A4 e T
U AR BN W& TR f o SCFPX SR AR RGUEAE R R A A IRAE RS .
H A N R E R GeFR T H & PC RAERGZMHINRESS, (Ehf s, eIl s M
WREMAL T A R (B, P A R A R AR

PUBRAERGIRIED S, AITLVE B = R HOREM M & 2R, BB .
FLEIERAE RS R BRI, B )7E TR e B pr R SRR R A i bE
WA I R B, BRAE R IEE RGNS M, BUTWIE S, 2R 51N
G EHANFRIAE, AT RIRAE R G0N Kk e OB E AR B R R (1) Jrinin, B
AT BB SRR, FHHES) T RN AE AL 5] RN BT

122 BERFHNIESIR
BeAE R YL 52 24T LU R LR K

@
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1. 2 EH RS

IDRESCEISIETEENE,

ZIERAL PR AE R4 (Batch Processing OS) Igﬁﬁﬂ*ﬁﬁ:mﬁ?ﬁ: ZIERIRTENAT
':F'ﬁngA‘f’Fﬂi AN b Fistrikds, SEERE . —MEWEEFF VO #1468, CPU
AT AERE, AL A BT IR M&ﬁm%ﬁ?%%#(m%ﬁ fgAir )
/I’SLE;’QEEI’JJ—%{’H[& AR A7 RTS8 LI SR S 320, REaA
HHPZER. Frel, A Rit b R E00 AL R S .

ZURAL R R Bt HARE e 7 R R SRR, Ak Ve RS 1], 2 s RSy
ki HARER L IBM RHLERAE RS VM. MVS H1 0S/390.

2) INERS

ZIEL AR BERSGE K H AR fu /- MR H R G 08. (BEAH P IR, ZiEdtit
HAGHAERIRA T, EHLL Mo

(1) R M W (]G o AFH P S48 1 b B 22 [Rl3a 47 25 B v e 7 SRR K 1)

(2) HP kT Az HBLARSL .

S ERVERZE (Time Sharing OS) [ B ALE L2 AN F A1 F 25 BT 1) 28 i S
BIFENL. REAE CPU HIZATIN (870 AR A6 BI85, $% 6 8] v 52 4655 CPU i"o’i/}
Moz & A PR A A . RO B, 2 H P IR e R AR A s iz AT, H eIt Ie) Jy
RIS, PR A BIX AP A FrCL, MZM EF, AT R S A A s
ATHEM.

S R G AT LA R R

(1) ZEfE: 2R PR —&ENL, &N VR AR [ I UEA T4 .

(2) SrdE: Z2AF P ARNZ B E AT, P I8 G A5 7e S Ad A v SR

(3) Felfth: RG] ;AR s PR e W Ta], A S AN A R A

(D ZHM: HPAHLmEES RELH, RS, WEAEL R ETREeM
g

it RGE R A KA. ik 5FSAGE ), Wi AamesrmdEE, THT
F. #HE . DPAELRE. R RG RS UNIX, FZENHTA f. b
RIS T st

3) LN ERIERS

S RAERSE (Real Time OS) s 45 HAT — 5 SN B U5 B2 LU AIAS 8 ) 434 3=

o CSZBPPE” SRR RTRE L SEAF I ST ALFE R (r) A nl AN, FEAT S AL R A S
-f@?ﬁ%ﬁﬁ/ﬂﬁﬂ’]Lﬁ& SN R G0 (P W I () LE A i R R R, A, AR EIA R
e .

SRR R E RV RGN M o B A B RE ) EEBE 2, ANSR I 98 U5 R A2,
AEUXE Mg 57 BRF (i) R R ] 5 ) BEORAR 5y, RS N FH T R A ok R R e i A, A
WL WUR S T BE Mgl 5 S EEE 2454 QNX. VxWorks. 920 Linux

Carey
i o
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2. BEHEMAIES

D EHRIERS

FHUERAEREE (Mainframe OS) il # 2 RIS TR IBM 2 W) (1R BBLLL LAk 7 il
A FENL EIERE RS KU LA T SEHLE A2 058 K1 VO fig 1 BL R s
Al EEdE. KAIHLA VO et & SR EC IR A AL, RS mT F AT 4 100%.
AT AR RS HE, KB R RE LA B A 3, FEAEERL it
R BAN I o B 25 s e, IS AT S R OGO AR ER Sk 55

H AT EHURAE R 4067 0S/390. 2708 254 [T R 40 LA J2 /b % UNIX M1 Linux #4t. it
K, Linux RETFRBEANFNLRSG, EPri R B HEZ AR i 4 DUR R 2L
BRAFEE N T 05 ) o

2) WARIERS

i WA E R G M E &40 (General Purpose OS), &/ B IRIER S K
JEATIRET, R RE S B RGN G o W R I R 7 ARG, b BfE ),
BPAE “arss” LA 7 R N P A EARNY, A6 “Ja 67 LAt AR BTy 24k BN 1) P 22
SRANGR EM .

W AR R G 0T LLEAT A S R R PR AE A R A rE I |, Rd& e L,
TAEuEF PC ARS5#s . HN VO o5 7O TR By Xt
BN S LIRSS 45 7 s A7 10, Ar AR A RGP N IR S5 a8 /E R4 (Server OS).
I AR 5 #3454 R 40 UNIX. Linux F1 Windows.

3) A ABAERSE

MNEAE RS (Personal OS) JE A NN H e thFEAE RS, 5 LR H 24T
% F#G. HHLAEERGAL, PABIEREHTEIN L REM S M, AL RSN
A A A B S S 73 S0 HAE T HR4E, s ) 2 BRI 45 Ug i) ThRE IR SCRE
DA AR P HRE AR08 2 SRR SR 7 I 75 K

MNBE RGBT - B AR 8K, FEUTEBT 4G XV E LA #fin
LI A E RSE (Desktop OS) I&ATTE VM HUi L (1) B /E R4 (Tablet OS) Fliz
ATHETFHL LT HUEEE RS (Mobile OS). #HLLZ T, HLIHI RS H om i hie L1y A
PEfE LR, AT T R 25 S 4 BRI RAT 4% AR TFHLAR G R & H
(FIEEAEARLS, JH A & A, FEA . B, A7 BB S8 Refb A8 HThfg.

Microsoft 72 ] 1) Windows A& H BT AT M Sl AE RS, fEAER RS LA
AL T @i, Apple 28 T [F) Mac 5 4 R 0 5E 0 (1) 1 A0 HH €6, 1) 22 SEAA 5T & 1 7 P
W TAESS A R ek TR P/ FHIRME RS Wik, HErE25 ML Google 2 w1
Android 1 Apple A7 [f) i0S. Android /5t Linux WHAINRZE, ILABRBES R, K

3. BIERGHS

1) MEEERSE

M8 ERE R 48 (Network OS) JERIGATTE ML RS54 LINERIE RS, BIHMFR AR

O
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ZAERYG . WEREAE RITE WL LSRR M 285 5% IR BN AT I 285 B0, LA B0 ) I 4%
WAGRES), AP AFE SOk, R E s, B E . BB, 5 B R SR
%, AR ER ) feh A (E A 2% FI S PR . s TR TR g B g, T
TS FERAPE. AR SE LA M2 BRI R 2R .

P % P R 48 B4 UNIX. FreeBSD. Linux fil Windows. UNIX 1% W ] 1 &
4585, WRASSCIF RS KAEU FE R 80 LR O 45 Y FH IR %5 4555 . Windows %

N, KRS, W Web 425, Linux [N FGEFERT 2, EaNH MM
BI04 ol Bl 45 2%

2) i ABRAER G

SARRG T B ENALER, el Sl RN %, ER— N RERET
L, AEFEARERZENIRNTEIT, XMRIERGHE M ERIERS (Distributed
0S). rAnzURIE R N TTE AT LRGN ST B, FFE il R s
1T FENMERERGMIEIT, &0 AU TR, FRATo8, AR AT DL e 7 = %
W, bk, ik e s ae 1. AR 7 — MUA R E AR
BUBFH I — N3, A s R MIafE.

Hr, ARG PRI T Stk O ] UG SE — S0 KR MNLR S, & MK £ .
Kk, & CAE R AR KT R — AN R ETT o AH H A 175 A sCER A RG0E %
HIEANFLIESCH I B SRS E RGN — 0 14k, o, A Linux fyidk
ARG H AT 2z —.

3) ANXIRIERS

AR IERS. (Embeded OS) ZZATTEMA R RAHEL T, AN RAXRLE
(e AT P AN R R . 5 HARSR B ) B fE RGUAH LE, MR AU ERAE R RAT LA
FHERL:

(D RV~ ARG KEZAERINA (Flash Memory) 1E N AFAEfr it. K, %
AN E RGBSR E s, RBGUN, AR R Mz,

(2) AJEEYEm. AR RS KZ TEERRENKHE Y. B, A FERG N A
AP Canlr e RERESE) MRS, SRR N IRREIE R IEAT .

(3) SEINPESR. KEZHH TSGR IRIE RS S LN R, REERE
SEN AR RS

(4) Bt AR RGOEE N BAT SRR & S T GeAr M BE ), W fi 5/
. B4, GPS FCLIfEAE.

HRTHAT AN AR AR RS %02 10S #1 Android. HiAth 3 H R AU ERAE &
48341045 Palm OS. VxWorks. Windows ELAZ 7+ Fiik A3 Linux 55, % A XX Linux (445
&+ Linux [1) Android) HAWEM IR WAL/ e E . W BIEEERE AL, 2T A
E L
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1.3 Linux $Z#2{1E RS #BiA

1.3.1 LinuxIxEBESE5HE

1. Linux &=

Linux [FJHEAEF % S UNIX &%t Minix &%, Intemet. GNU R4 A n] 7038
FIRER, EATF Linux 4 #2012 m A2 e R .

1) UNIX %%

1971 4, UNIX #:1E R4 EAHEAET AT&T 20 (1) Bell S236 %, Eit— M2/ %
EE N BER S . TEIRNER, BIEREH AL HESwmEN, BRKIMAM
b, ARG e M E 2. b LK UNIX 25— MHSZgE S (CES) 5
F s R AR RS R, YERREIEER LR, S0P BT mEk R 5 . Ty EE ), UNIX
PIEARIG A AT, 1l BLAESEAS 20 {42 70 4EACH R 8, XAl IR PRl 7E 2= F
FEHLR TR AT SR,  BE S A 2 RS A B S AT & L & AW R AT AR,
UNIX eI O 55 T R /R, RS LU PC ik dsde, JEHR AR /N
MLA T AER: FIR2 S gin A,

4, UNIX CHRAWNF2EREEEEiThe, hanlfEtt, @ex= g, 12
FHEM RSB F MRS F 5B . UNIX AW 32 255 00

(1) Erl el gt Siaett, E2RA ELE A SR br .

(2) REFIIMZETE, REWZAUZIMNER S8y, DUS & AR o 57

(3) 9K TCPAP 374F, X Internet [ A TN AT ¥

(4) RUFHIRTEAEYE, SR Z A5 .

(5) PWAS AT, AFFHHFIMEY

UNIX HUFR$RE RGvork e . Ervr 2055 ot AR BE 200 G 2R I iR E &
S TR ZI 52 . Linux 568V 228 UNIX REcH 11— M &« BT Linux [7F A&
FrH AT A UNIX (15 5, B Linux 487K 7 UNIX (U075 v AR, i 7 UNIX
(1% AP

2) Minix &4t

UNIX & ANRi A, SR SRR & AT, BRI . UNIX &
ACHSVFRTUE 27 FH A Ml ) JGvEdZ 52 . 4k, UNIX SR 6 gk b s, X
T e TEBCE R T AR AL o

1987 4, fif >~ Andrew Tanenbaum #(#% vt T — /M8 1Y) UNIX 4 F 52 4i——Minix,
T HAERG B FENEC: . Minix 5 /DTG, BATERRO N E. e &
B2, AR — A A E AT LA ) L BT E A . Linux B {EE Linus 502 8kt
7% Minix RE5EL, R B Linux N .

3) Internet

20 [h42 80 SEACH ), TR Internet BHTIE AL, “EHG BRI SENL M 4842 AE i,

D
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A LS ) ] Sl 3 Internet AT it FgRELSE B o ZEE IR A, 1RK—
Ry SEIRAF M T2 07, AbAI1ETL Intemet YIREELAR, BhEITAE, AATFZRECRAF
A, EEEEC FIRER T BB AR 1) “ B Sk

Linux S A2 — A+ B BACH =4, & BT A A A [ 545 b 1) e 3
AT, ARG AEABAT  EIL R, #EZD Linux ASKri & AL G R W
B A Internet, Linux it 2 AN TFHI) AL .

4) GNU

20 4 80 4E4RH], Hh#ff (Free Software) iZ&h2Mid . H hAFIZENT H AR Z
AP ERAAL LR R, AT R A R s H RS . B BRI PY R B, BB ATER
PR A B SRR S SO A A B/ DVRled) B A B kAT R
ESRAF H

1983 4, [ #3145 5 & Richard Stallman #2H GNU (GNU’s Not Unix) il
¥ll. GNU HHRIEULFIT A4 A 28 UNIX #:1E RS, Ui, R4 T ISR
Y. GNU RGeH IGRE— M RF AR AL B ek A, AR St RAT I (i X Window
RAE). N TIRIE GNU I BT RER #7223 =, Stallman 3 GNU Xl 6)4E
T AFVF TR (General Public License, GPL). GPL J&— AN %) 5 2% Ao AT A 119 1L
PR ATk XTI GPL Y nl A EAE, P nl RA R 2l 45 20 R WA RS A 7K A AT
ARG AT MR RIAEN, [N thAT X5 A THESUS AR o 3 F T T804 Chld 1 4R 1
PR A (Open Source Software).

1 1991 4, GNU T B T R R G WAL I A e a5 BRI T A, Her KR
J3 4% GPL VPl AT . G, Linux WA IEURA 1. Linux BB SAANE GNU i
R385, A ERART GPL VRl AT . Wi, S Eme T GNU EH RGN
M. HSR, %5Fh GNU #9414 3] T Linux NA% I, #J% T GNU/Linux X —5¢ %1 H
H #1E R S5

GPL VFr] Y Internet #H&5¢, o048 TR EEM LLA W] 8y AR A AT T AR A
A LAY AR T ISR A BRI [ R () A R Ao IR AR Ul 1t 5 &% ) 3K
PR B RAE RGNS T, #EZ) A AR e A R ATH K

2. Linux (IR EH®E

1991 4£4)], ZF MR 2212478 Linus Torvalds TN AN ZLF, hEACHE
—ANEL Minix #RIERZ. fibde PC Bl R22STFI0ET Minix, 72 BUETTR AT
Linux W#%. 1991 7£ 9 f, Linus iliid Internet [F 240 TR —A “4E5 7 Linux
0.01 fit. EANFRGAEM — L, STEIRG]T VF 2 A e T ZIT & TAES . #1993
i, KA 100 AT 25 [ Linux WAZIRZR S BT, 7EARZ R IFE TR
T Linux 156 %% A AZ B0 s 7 A ok

1994 4¢3 J, Linux 1.0 W R A 1% % T 56341128 UNIX #5:4E RGN A ks
P, AR, Linux 2% %2 3 B GPL VFal ZATH, X221 Linux PRk &
FPE PN . 2 TR & FFGEHN Linux WAZ I IF K IR TR 40V 2 A% GNU
TiH CH R HM C FE, gee. emacs, bash 2524 F| Linux P LK, {EZ By —AN58%
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CINEELOE=:

1996 4% 6 H, Linux 2.0 W#%AA. JEE Linux CZ0EN T2 B . Red Hat %5
BB E A R L Linux (RIS, SO AT BN WS By FRE e 4 55
fE—ig, SO T —sesc T HMEIE A, TS AR ATROR TR 2 KAT .

20 2 90 “EARE I, Linux B #rAS gk A 1R 22 592 ) M 1) i b K 24 ]
U1 IBM. Intel. Sun. Novell. Oracle Z5}%} 5 )i 4 Linux [0 HISCFr . X BEE T
Linux 4 55 8585 0E R G0l N SE s N s (R AL o 1, Linux 200 1 38 RETH)
BB o

HEN 21 el 5, Linux (3200 8ANK LTE. Rl el LR, —2S8 8 Bk
M4k, U Google. Amazon. Facebook %%, %) Linux A MEk. 7ZE &I T,
Linux #¢RAS RIS AR B e&, ML BEAATTE H W TAERI AT

KR 2R D R, REHARFIE . AL PERR AR R,
EEnAA AN R ) 3CRE, Linux ©AA—N i 2 AN N Z 47 e vk i = M g — A i
e JIRNE I R RS

1.3.2 Linux BERGEHNEFS

EMPER, Linux 2 —NEEAE POSIX Rk 2 H 7 A4 B i fE R %, SR
BAFRGANLE, EATLLT B A

(1) Z&F UNIX #eit, gt (. Linux 464K 1 UNIX 0055 000 HAT @i
HE. AISEVEANASENE, ARG Z s TR T IR UE. Linux 40 A LAFEAE 7x24 /A EAS
[T AR, BRAERECE ), REE BB IRERR

(2) JEMGPL ¥Frl, &M% fF. Linux 4§ GNU (¥) GPL VFrliE, & H B
Wb e 01, F P DA Pt R AE ] Linux, JF H7E GPL VFa] 8ya AW A th
WAZBONAEE, M2 >T N TT AR R G AR PF I FAR &

(3) 754 POSIX ArifE, HeAPELF. POSIX A4k T UNIX 5 (AT 6 4 R 400 T3
R E BrbrdE,  HIEE A 73R A AR R GRS B P et . Linux & —
MEE POSIX FrdfEfIRAE RS X2 i, JET POSIX Artfed S N TR (ALK
Z A UNIX. 28 UNIX RGN R AT LU (A 3 Linux 548 [, RZIMA.

(4) AL AT AP TR R E RGN SR & $e R 1) ) — ot
RS R 6EE R 247068 ) - Linux (AR A AT 10%9885 K H T %%
a5, HRWKH CiEsmS, Bt &sE T BHtE. HAr, Linux A] BLAE S x86/x64.
Sparc, Alpha, Mips. PowerPC 47E N %5 Al SEHLT- & 18T

(5) MZEIhfEsR AN . Linux JE7EBIRRM FAEE R, A4 SRR AT M
Zohfe. JLMEMBUAEENZ S, PERedr, FENELF, FTEURI S & A 0 2% 02 il AE
—it2o Linux &AM 2N H Dhets 70 am ok, 7T RUEAT % KR 4% k5 o

(6) Z4PEdF. Linux RGUEENR 2 H MM IAET R H 1), Rk 2 78 0%
[& T %4k, Linux WAZHRICT V2 REER GBI 2 W05 I, SOPFROR =i o
THERER . RO FRRLEE, 1Y Linux 1TRAT 72 s HUE AT fE PO 28 A b . 94, i

B
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PR IT R WEICE AR, AR GUIR I OGS S5 A AR AR, IR 75 MU O fE
1R 5i

RAEARFHF AR, Linux REULRAFAE M. HATEZEMER: AT
EORIEE W SORRZ BRG] RATIRA KD, BRARBIARAE: AN AZ T
MR RFEATE, R dArangenl i . JRIEXS B PR a A FIAT SGE R A i
P, FTEL, R R F R Ry T O 0 1]

1.3.3 Linux BERZGHIZAR

Linux [FJ2EAR RS H 3 A>T 25 gl ki :
o Wi IBATREFERVE BRSO R
o Shell: RGN arATHI 7 A, st MERAPAT SN a4
o MFHRGE: Fi— i AL ST IR ISR .
DL 823 R Y Linux JEA RG50S RS e

G R, AT LGB AR, ECHE A
T . TERARGLZ Ly P OT LU AT B M
%mmmﬁgﬁ RGN A Cn XEJE T Sl REET

i PR, IR R IERZE, M AT
(k. P 13 H3A T Linux RAH0HAL ),

Horp Shell. WAZAEPF B CLUAEF7 A SCPF RS

El1-3 Linux REERGHTERE \ _ )
A W T RERRIEARBCE .

1.3.4 Linux BERGHIRA

Linux ({7 AR RATREIE: WAL B Linus 7450 10 820 20 6 b3 62 53 508 A R AT
IREN AR AN A A TT R . RGN LB AR % Linux 2474 HAT
FREHE. Kk, Linux (BRAHEAHI, B Linux ABRA Y Linux RERA. N
WRAS A2 F i P9 R T BA G 47 R AT [ N AZ T ROAS s REEARAS 2 F5 LA Linux 4 #% 4 JE Al i
(s FH A AT 7 Bk PR AT 2R 4 T R A (R 5 BE A E R IRRAS, AR RATRUA .

1. Linux BYA4ZRA

Linux WAZRRA S /1 3 8 4 MECFRR, AR “ RS A5 B1T5 7,
1 2.6.26. ERMAGIRRA SRR T —NMAKZIIRY, 2.6 NERTI. NERVIKTT
WAREA LR F O BE EAT ISR, Rl 2.6 IR, BRI IH LI O Bk
BAT SARTE S R EL. BT 5 TR R WAL TR B 15 1 A IR B R P45 Jy T 1R 5B

2. Linux BY&Z1THR

Linux [AN4 BATHA Z ik JLE . v A AeT5 1 SRR ATRAS AR AL/ Linux 4
(R2Eal_ Bk T B SR RE T AN HAR Y. (Ml PR S, RRERE &
[ H PRSI 2257, RATHCARY &R0, A4 H ) A4S 2 AN HE ]

H BT I8 R AT RUAS 2245 LA R LA
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1) Red Hat. Fedora F/1 CentOS

Red Hat 24w & 55 98 IR th AL 5547 92 91 1) Linux %247 7 - Red Hat Linux fc4] % #i T 1994
iF, 1998 4N kMG T IBM. Oracle. Dell S5ARMV ESLI SR, BEA R M AU i
K. Red Hat Linux [P /e DhRER K, 1B8178C, SAMEEHEA T R SR ) &
Red Hat Linux #5 2& B KA H 8, 76 Linux MRS 855008 & 4 e Sk i . &2
WA VFZ AR ORI A, XHEE Linux (A R IIA AT .

2004 4, Red Hat A 515 T AR I T & TAE, #4J5 Red Hat Linux /3 > &
)z R b EDIE A A Red Hat Enterprise Linux (RHEL) A ] 4N AP #E: X AY ficA
Fedora. RHEL [ Red Hat 2 vi) FF A FF S AR 2R (G B AR MR 2%, 7= il il 78 20, BB, 3
I SRE A, TEAEM RS 4 RS . Fedora &K T (1l Red Hat 175,
AL SR TSI H R AT T, AR P I R B A R, (RIS AR
FHRIE. Fedora & 44l LOUFH PR RATIRZ — . A ORI K1, A8
SR, RS Linux §THHCRIT & . Bra M 2 RHEL JRIHEAR#SE LR Fedora i

Red Hat [t) % AN EEZ 74 K ATIUE CentOS. CentOS (Community Enterprise OS)
J& RHEL [¥]—A~ “TalE” WA, ‘& /&¥% RHEL K47 iy f G 3087 4 13 Jo e ) — A~ e 3%
RAT WA R4 GPL 4541, CentOS n] LA-A-i: 3143 RHEL ¥ T A1 Zh g, 14 H kA1 RHEL
JLFEAT DA Ty H, T AT B ORISR, e AT T [ R A
AT f . fH CentOS ANFEAUL B AR SCFEM IS, H MR WAL Rt o .

2) Debian. Ubuntu 1 Linux Mint

Debian & 540 (11 H B Linux ZATHG BT SR8 L B B3, R
kE T GNU TR, IRl GNU/Linux. M 1994 4E 541 % 4, Debian 54 1% GNU
(PURERI, 584 t A £ TR M AL DX A 4E97 42 4T . Debian LAy P R AT sk o 58
P, RIS R AT IS, (RIS T F 5, A 204 30 000 & ik e A
JUERE, XA Linux K AT RRITANEE AT

Debian i it fic 3 560 I (0 RATRR. 29 =07 2 —IWIGERRAT IBUE BE T Debian JFA I,
55144 1) Ubuntu, Linux Mint 45 . 3X IH T T Debian [1 7= 5 103040 Rz R 1 FF0bE
I Debian $fHE 1) 2 dn THANEAFBEYE,  F P AT LU {0 Ml it 25 XU R £ 1) 3R
Ao PTLVERES TN NEZEEACEL,  DLUETF AR BB T H AT Ak AT L3, 2
Debian i gk | Linux -5 2 R0 E &,

Ubuntu /&4 Debian fi7 4= HIRUAS, § 2004 4F 35 R AT . Ubuntu (19 H AR 24T i
— AN B S A Linux BAS . 2 N Debian RS 3 H1F 2 8 T 10 e, ARYE —
AN N FH 1R 75 R R Gl AT s i, P0c LR SR 0 S i A VRN () RS R, A7
i F AT AR A . Ubuntu (1) T VR EH P E: Linux A
—MNRBERSS ARG, CR AT LA S . WA Ubuntu CURCK S AT 1Y
Linux RATHZ —, E& MBI AN SKH T, R FEE .

Linux Mint ;&5 Ubuntu 0 H FFA I —AMERFRA, T 2006 4£FF4H%17. Linux
Mint [f] H b1 1 —ANLE Ubuntu 525, . T5E36 M S HIRSE. ‘B 48K T Ubuntu [11i5 £

B
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PUr, TEHLL TN EE—% . Linux Mint )55 EAEE BINAG 38, 2ol B il F2 5 A 1)
HL, IXUERE g Al SR 1 HER SRR, ARE A TN A P IRE DR, B
T BRAT R B 2 (M R R AT . A Linux Mint {37 S ARG T RS 45

3) SUSE Linux 1 openSUSE

SUSE Linux /& SUSE 2 1l ] Linux KATi, + 1996 4F-JF#H %A1 . SUSE Linux 3 fir
TR AN G s DRSS AT 6 . EIs TRE, WAETEE, AL, HIA A
(R AR &, W2 b Y47, HiT, SUSE (13 VA SLES (SUSE Linux Enterprise
Server) L% Red Hat /] Linux A< RHEL [F)d F 5843

2005 )i, SUSE Linux [JFA SRS R AT KINIES, #HEH T openSUSE 11%l.
openSUSE & K FFUAE X BT A1) SUSE g fiiA, HHMZWSIEZ M AS 5T
KAWL, MifHES) SUSE Linux (3% A% . H AT EVAR SLES #5427 openSUSE
(AL, 2k Al g N F & B2 A A UE IR 5 AT 1K) . openSUSE (198 FH 4K A A
R T HAPR A4, ST IZEm, i BLoh 225 1. openSUSE it RiL i SLES [fHiHEA
R IR, (A Fedora 2T Red Hat.

4) Slackware

Slackware A+ 1993 4F, S e ) Linux KRATAR. "EH) UNIX 1540
WA, SR SO S IR E 7 20, ANDE 5 FIMERT K, BANERATE W M. Slackware
{2 Linux H 7 A ds b ifid T, JRo8 R noE v oM, Wl R ig . b4k, Slackware it
WH —BRTEENEE, £k A HEAT A& .

5) Arch ! Manjaro

Arch Linux & —/ LA SR AR LS Linux ZATR, SR AT 2002 4.
Arch [V T MESAEE A, EIE T “HP AL (user-friendly) 1555, AR L “LA
P A (user-centered), w4244 R A% AL LL R DIAT 5 3 M T H ) o Arch 1)
IRIA RGENC Bt e 3 A JERh B E . AR A — R R e TH, A —PuriE
HPwE, FHimE P HERK. Arch 1555 A2 BRI Ak, T LOESL
M SECHT TR RS, TS — I MRS BT I 1

Manjaro /&4 T Arch [f) MUFRTANG AT T 2011 45, & RAEHAT Arch (1147
PR JBE IR NE 7 AN 5 FH P Sk, A0 H P 2 B 548 . Iy LA Manjaro
F il 5 AR LA B2 Arch (BT T AT

3. i%&#% Linux R

HER[AJE — A5, A KATENFESA R, PR 25 o BTk b ] BV AH B 2%,
N A& HAAT, #RE Linux G 0SS . R 2w RERF A S a a8 m i

AR, WA A 1 A 3 FH 1)

BEFERAT RRIP) T EEAL IR 3 e oy MR T B, B AR L. A2 LA HAf
AEMEN Linux ZATHCH, Ubuntu A1 Mint GEESE 7 5 LFIK, JUFEAZ2% ) B e {f
o WRIEN T H SN A2 10, eI A s B £ R . Slackware F1 Arch
BASBER e IENE, P REIGES MERERINE. (HF TREMEESSTE
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VI Z B E, Pl EE SR L% P AR Z i E R . openSUSE.
CentOS. Fedora. Debian Al Manjaro 4+ _Likpi e 2 [a]. e A 1501 5 H 1 55 T e %
EAHTHECE. WS AN G W& T80, Fedora LWBUE G142 AL 1A
PEE s an AR T % Linux 132171, Debian A1 Manjaro #f5 A& A& 1 2E B FIR 1 i
A R AR E %, openSUSE. Fedora. CentOS #Si Ai b 25 W H 1) AL 92 %
F&-.
S S w65 S = N N S A 71| B2 K S I N N R 8 o T T W B A1
B O A BRI B AR I R S ARAS Lubuntu A1 LXLE, {8 KA ¥ 1) Ubuntu Studio,
L BN 2 2R3 1) Qubes OS 2%, H /4471 H

1.3.5 Lnux BERZEHNNBERXRE

MM T 2RI, WA Linux R4 O IT 48, MR RBALES AT
PLE #| Linux [JEIN N H . Linux /& IBM #2011 5701 Blue Gene ) 12 #:4E &9, AT
R HLR G A A 90% LA E A, Linux £E#x ARG AU 15 A %
fifE%—, 3T Linux (R AEE%, 55 Android T-HL. Archos " HLfixi. TiVo LI
2, CBIEIMVERTISA T SR, Linux F 40 i 1= 5 160 T A0 2 o v i AR 4%
BRG. ERETERE. TSN RN S 4%, Linux TRk ok B AT R H 28 £
A BRGNS, Tz N T R A SRl mb A FHEE L.

TSRS AT 9%, Linux RECL) ZHEBN T HERGN . A
N RISE . S FF e ke ud, MW nf IFINT RGN AL, SikHEBcE LGN
W . X2 ok, R Linux AfLLRA T iR /E R4 s B sz, 3535
F-SE AT AR XA Pk, A Linux AT RAERTS 50 #0071y R 16 1 e

Linux JA7EPR A JE . Linux AR IR 5 77 1) 32 B8 60 0T 4 R 45 R RUET B A AT
YHFe I ATINRG L AR E R H)— AT R, Bl Linux WK EERE, 0B
ARSI R s T RE M M N EEE RS, 1X 2 Linux [REBEHEZ —. T Linux K
IR ARG A Linux (15— AR REES, X7 HREHESNAS Linux [7) SCF (@45 .
B R GeA8 BT M R e . A, SRR BT BRI SRS, R T e itk R
IRENFE A, XSS R Linux $ AR B 1 | 2 TAE,

] il

1-1 AP AREERGE? SIEARTIRE ST A2

12 RERGEV VRGP AT Ahfr ?

1-3 fl4 i GNU i+%? Linux 5 GNU 1514 557

1-4  Linux F40A7 MRELERs 52

1-5  Linux JEA R G YR LM% ? Linux WA DhBE AT A2
1-6 3% www.kemel.org Wy, AT EH AL TR 5 & 2 /07
1-7  ZMfsx A, H OB T%% A4 Linux R%;.

'

D
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2.1 Linux E&%1E

fEA ] Linux RZEAT, WA E T AAMERE S SR ERE, AHE W] B iR
R WHAE O A LUK S RN 7 R 4¢

211 Bx

Linux REE—NZMIRIERS, RENENGEN)SHEG M KS, @
FEH P2 O45EG R AT H P 7EMH Linux RERTLALET KRG . Tk (logn)
LEFR 2 RGO P AT UGERZ AU F2 . B, M2t il 4 f a4, i
WA RWAREEA RS .

A Linux RGCHSH — MK, BOBHH . BYHE P I 442 root.
root FAT AT R AL 1) 70 P AR, JE 00 2N I3k 568 T root B3k .

1. i

i (terminal) 2T RS KA H NS, D ERAE. BELA AR,
AN AR I — A 2R A R

FRYE BRI AN R, 285545 7 4 2 i AN RS 28 g o 745 253 B o - 44 F 1T
P LM AN 4 BB 288 mT LU s B S o SR RSB o A3 7 SN A
M), #&uiy oy A M2 fL AR 2 . A M2 it HEE S REAHEMN %, I LR
A (console), &M ZRGEAH T ) A4 FH (19 #¢ ding; 0P 2 S i FH ) 30 ok 9 % g 1L At
i A RE R AT FH R G Bt (1 %8, TREAE BT I ZmMl, S 20 E PC Hl. FEHESE
TN ANE], 2 AT oy R PR iy REAUA LS g R O 24 i o ) B 2 i S o A7 A 1) 24 i
W ERIZ (virtual terminal) A& A4 B2 b A IS T8 4 B0 2, H IS —
YRR AR K AN n] G2 8 2, (h 2 (pseudo terminal) 2 F 42 F 477 £ H SR Y
Ay, EA G B B ELAEAT N, g — NS AT 7E BB P IR0 B4 5 g [P
ENcup

XF PC MUK, R E R A A48 % 0, H Linux RT3 77 20 4
HE% 12 AL, T4 AE CulrAlFn T U, b Fa o 12 AN abfigs. R
& JA s BRAATE T LA e 2w bR 8l AN BB S 2474547 2. P AT DR %
LR . BT SE S 3 — M L& e (U0 Terminal. XTerm 55) s n] LA
FTH— A 23 .
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2. BRAN

Linux FREE [0 6 5% 7 2UA] 73 A ARG s A FE ok

1) ARHE S

AHE B SRR AR RS H B IR Z 0 FEsx. REA)G, A8 T I
2y 1 W Bk i . Linux SRVFIR]— P ZEAS A 2 gL CAAH [7) £ 43 BUAS [R] £ 473 22 1K
Bk, AT LI AR, &A% L iAs Bt AR BRI ). fltn, ARG
AT root W5 AT — N3 HY 7 (RS, AlA] CAFE — AN Sy | LAl B dF ok, alk
AT HE TAE, 75— %00 FLL root S a%, BEAT 5 SR RO R AT 8 1A

W, SRR RS0 8h a S BRI W hE U e 2 EDE g, FRFEIL BB —
EE sk il TEEDE RIS 7 X0g . ZEATRN R HT A HE L 5T P 44 8112 4% ]
gk, REHE L REEE BB S I

TP 883 LB 702 # R B B — AN F R 2, S B B RGE Rt
RFe 1E “login:” $EoR_ 15 A ) 44, 7E “password: ” $E/R 1T G i AN 114 . 7 Linux
RGN KA, L4 D20 RS E k. Famlh)a, R4
271 Shell 2 5En—4F, Ko AT T .

Bln, FHJ cherry (18 S FEWm R frg: ©

login: cherry

Password: (HiAm4, RET)

Last login: Sat May 20 15:50:56 on tty4
$

2) IMFEE K

TEFEF Al UM FE 20005 5 o B Linux AR5 L, SAMA ) —H5R2E8 0, Ko
i IBITREP AR Borgh . RVPEFE S RFRES Linux £ P EIFE X £
PR RS . RG] LLRIE ) AR A T 7 iR 4SS, Joh 2o P Bt AT bR

M PC ML L2 % 5 Linux RSN 08 A7 B4 ATl putty %), it
W2% 5 Linux ZE0H0T ssh i85, 0 /5 M A[FE 3| Linux RS ERIERTT “login: 7,

21.2 0%

MPHERIAE R R Gy, — B2 RV root AL E AR N @ &%, Bx)G
MRS N4 thE, AR, HPIENEEHCER D4, DN EA—ER
KIS, A G 1A NAT T2, #7581 2 HEEF root FUHT R .

FER AT, TTAE RGP BNE S A I St B FF 28 dm S RME DU 2
NAEF passwd fir%. BREFRUNF:

$ passwd

Change password for user cherry.
New password: (#A#HTA, LETF)

© FRgE, FAERETEESHPRANRZE, FHEERENRE, FS “O” HHUBER.

D
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Retype new password: (ZEHAH TS, £LET)

passwd: all authentication tokens updated successfully.

$_
213 RHY
B (logout) sl &4 EH] " 5 RS AT A B R . A5G MR ARG —

A RAFI I, BT I 2 R ke
FE SR _E VT LAPRIER H AR SE S B HL I . 5 45 B AT JT] excit fir %) Crl+-d 8
B RS BEE, RERIBERImE, HPOT RS R RS

21.4 RLGHNXASER

ARG LU, AT AL @RI RS Jish, FEK T RENH—IHE,
B T A, AN EEE S RGBS ARG, CHE
JA R G W B FITAT Ok )™, AT U AT 75 247 root AURR . AN, b7 fEA>
ARH], Linux ST RGEER N RVFE I P E T A5 .

FESL RIS T P BRE AR MR 5, B AT AT Y (K S T A& BB AT o AR 74 i ST
C I IR SRR T EES

P /IR e

# shutdown now
O YRR
# reboot

FEXNL A I PATIERE S, RGEH 4 b W th HURAE A4 A5 B ZEREBIOCHL
LR S i T3 T DI R Y

2.2 Linux i <

Linux RG0S 08T 1856 & 104, MO EEdr 4 ) LU A S e % B TR
Linux ({74 Shell BAFREAIT, BFLME#HILY Shell fr4. 704 Linux fr 4
H e 2 i8] Shell FH .

15 Shell (177 5047 %, 3003 11 77 540 F

o TETAFAIER, BRMINIG Shell ¥ (13 5).

o BEFRIEHEIM I, sh ““i (Termina)” T H. “#07 22— AP0 4mii
S, HF R NEFE R ES LIFAFAIR B D . FTIFE ), Shell
B2 )71 ).

Shell 38h5eG, Bt diimss, SR TLRAGS T X FEE, &

SBOARULR A 87 AT root FI, RABMMGHERIERL “#7.
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221 wmLHHIL

—%k Shell 744 H— 22 AT 24T, 72 S DL [ H S8 7 b a2 —
Mk X

AL [T 1] [T 2] (A 1] A 2]

I, SRR AR, RoRERATIERAE, WH /NS RIS 4 1
AES, IEHaAMERET I SECGE WA RN REERERE . T SRR
FWZIUE AR . B, 417 m - abe W, m &A%, FTostlbs e -
ST WL, Ko MIBRATESE R P A abe 2@ S, RoRBEMIBRINSCAE.

JUFRRAN AR X T 2Pk Il, Skl & X ar2 AT E SCIERE, A —k
T ASFR IR LL -7 46, 1l mm -1 abes 2N FRFIRIET LA - HF 4R, 1l rm —-help.
7 Loy & R IA% U T RENS B v, thank ol 9 G iaw A S85%. b 4 s
A 2 A RA IR, PO XSRS . W1 m 4 v oabe A LU RE
rm -1v abc.

AT WS AT BLAs 7R, JIT “#7 FAHT 3k, Wim -i abe #delete a file. 7EFEH7>
ANE: 4 Shell fiftFEFIHAT .

222 wmSHBMASHIT

Shell iy 42 MRl A a b S o H A -4 I a) DU AT — e g 40 B R A8 it A\ B
e, fatbar MR & 2-1 Jracie % T Shell 479456 .

F2-1 HFAH Shell &5 1THRIERE

' 8 | RE
Backspace. Delete. Ctrl+h MER 715
Ctrltu, Ctrltk MBR SCHR BT S BT A 215
\ SATH, W TEAITRAC A2
Tab & Aht
B AR /T AR
—. WA a6k

Shell (12 A I RS, Ml T4 vT LUK T a2 5 . . =45
NP2 2 BB, BN AT LN 74, fH%— T Tab 5, Shell {#i<x7EF fE
[ A B4 TR B ICEC I, A BIANFIERER . IR B RE e + A | ATRh
FHAR AT 2P AT A 4, B E R A A .

AN TERG , AT H ] A SRR AT 4y Shell 3BT . IEAT S WA BoRTEbi s b, 32
iToee)E, Shell FHT B SHERTT, HEAEWT—%m4.

e A AT EERE S, B s BRI, rT L% Culvs BEE{=EDE, 25
AL IR B . 5 B2 IIs T L% Culte . £ 222 Fros i

D
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Shell fiy 212 T il .

Fz 22 HEHH Shell S iEiTIEHIE

' OB Ih fE
Enter. Ctrl+j. Ctrl+m AT AisAT
Ctrl+c 2 ka2 s T
Ctrl+s BAF b i

223 JNEEGS

A2 HIDNAREST IS, Shell fiy 4 v LUKE D J30FS H g AE . SCARGE . &0
i, RGN, MEIEEEILE. 0, SO S H R BRSO S L R4 Linux A
PSR AR . AT B AU SO R H R R i, AESR 3 Frh gl
SCARGE AR AL, FEA a4 R 8 a SR 1T R 4L A4

TERNTT, AT E S48 LA oy SR I A 2

who %

[ThiE) Wonc &R .

[#%2] who [ 7]

[iEni]

-H SR E VR

-q BRI P AR P

LU WorNEor A 45 HF 4. Boki&ass ., BN AT . 20T 44 0K
& ttyn, n 2 G .

5l 2-1  who iy & HVA 451

$ who -H
NAME LINE TIME COMMENT
root tty3 May 21 08:05
cherry tty2 May 22 11:39 (/dev/tty2)
zhao ttyd May 22 09:12
$ who -q

root cherry zhao

# users=3

$

55 1 /> who i & (0% Wk, HAT R4 root. cherry f1 zhao H J7 8 5%, T root

1E #4i tty3 B, zhao 7F#¢u ttyd F %, cherry 15 B JE £ tty2 F k. % 2 4> who 4
W 1 H PSS P A R R

echo 7%
[Dhie) Wi,



Bes Lo BERM  \éB
T

[#%30]) echo [£7] F 45 & -

@Gl

R R R AT

CB D A F At BRI A, 2551 S A, echo HFKIRFHH
AR, NSRS E (L 2N ERT R R ) 7 B AT, echo MK HHIX 75 R,
R T S Rt aroy 3 =

5 2-2  echo iy & H VL~ il :

$ echo Hello!
Hello!

$ echo -n Hello!
Hello! $ echo

$ echo Hello world!
Hello world!

$ echo 'Hello world!'
Hello world!

$

%24 echo fir 4t AT R SR VAT IAT, ALY Shell $& R oL e M4 5
[l 1o % 34 echo A ¥RATFHRSH, BYR T — AT, 8 44 echo &y M
NPT S, REXHA T R P 2S00, HENRBEEELS 0 R
A 55 R AL AR 4 o echo MKIKETH TIXMAFHF R, dhialH—ANF& . 28 5
A~ echo fir &ty T — M TR SEL, ER R T XA FR .

date i7 %

LohfiE] o, BB R4 H WA,

[#%30] date [ 9] [+#5 2]

[k ]

-5 BCEI AR E

u AESRSARJE VR I (A .

(280 ) A% UL pA& S ) PP AL A R R R - e, il e s 2. 4

%r M hhomm:ss AM/PM (5080 B4/ R47) TR 12 7N B ]
%T H hhomm:ss (B0 80D (UL s 24 /NEF il [E]

%a BoEHAE, W Sun.

%A AL AFK, W Sunday.

%b W IO 4ES, Wi Jan.

%B T A3 4R, Wl January.

Yom HI 2 fift v Wox Hr, 02,

%d JII 2 (8- Ros A, 27,



gé Linox SRS, FRIPSKM (32 )

%D ] mm/dd/yy (H/H/AE) MR EREI, 022717,

Yy H 2 ML REGY, 08,

%Y Hl 4 (iECB R, 2017,

Cud ] ] ANaly B THURIA% U S BN s > iy FUP S AR > i Al o o0

E¥ A B BE WK F

B12-3  date fir & FVE a1

5 1A date dp &AE ] TERVAR Bonkg . /RIS date dr & TR E 1 Bt

cal in %

[xhie] Sos AmAH .

[#%50] cal [[A 7] F 1]

(S5 A6 1-12 (AT, AEAra2 19999 [HEF .

CUil] Y # — A28, WS ERER O HaRANSEL WE 1 A5
TR Ay, B2 ANSHEERAES . RS, SRS AMHD.

5 2-4  cal @y 2 Rt
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224 EANIHFE

Linux 4 £E50FA4s, s HIR I H e St g JLE A, a4
VP2 k. Ak, Ml LR )L AN S LOUE A, AR dr 4 & ir4
FH1L AT DATE 0 2210 B il i iy 2 (AL Bh & 5 o SRAFIERLAN BO I 7 043 AR JLFb .

1. —help {5

VI % Linux iy 2 4L 17—/ —-help 3£ T, A7 745 -help BEII 1)1y 244 Whon i 2
NG R . i, date --help ¥ 75 date fy 2 1 HENE L .

2. man %

Linux REACA —MIRHLTF M, B:4% Linux iy 284 0 1M 0. FME St iy 4
(I Ee VEAN S BT ARRE , BRIl AE 2 S) R Linux dp 2004 T~

RS2 T 0L F 2 HE LU J LA N 2

NAME i 4 14 R T g .

SYNOPSIS i 2 MBS T T e ol K 240
DESCRIPTION iy 4 [F)VEA0 VAL S RN IE T I
OPTIONS o i A (ARSI R AN 1561

BN T M T #r 4 /E man (manual) 4.

man 7%

[hAEY WML T it .

[#%:0] man &4 4%

LUt Y A0 T vy, I CU R gl o, ArRpEg .

PageUp. b ] L f— T

PageDown. Space n] N — L.

T ] iR —47.

|+ Enter ] MR —1T,

[string” TET- W o A A 3k 7455 5 string .
n BT DT

q BH.

3. info 7%
B TIRALT-MAh, Linux RE0IAFEAE T K 2 4am 2 18 SCAKE BRSO, v
info Ay 2. info iy4 5 man iy 411 AL, (H D YR SR s 7 fifi.
2.3 Linux 3CHRME

AFFR G5 Linux REEHEEAA B3 - Linux RG0S AT I MR & Fofe e A2 #48

O CAETEEEREEG S, G hEERARGENES HAMEET, DRGSR E S 6L
et SR RHE KR T R ERERA -

D
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IR IE XA AERER b, BSUF R &% — 2.

SR G SO A R AR RS AN SO, P il SO 44 Sk vy ) RV S SR LA H
SKIERA BRI Haod MRk Scfr, HNAERZHSR N 43Xt (BT
Hak) 5 R HB Ao E o B A 20—, RO R I TE 454 .

FA P Linux SREG0 1 B SEA P B AE 2 0 SCPERH S8R E. 5 Windows R 4E
A, Linux R2EURME T 7EEE & AR MERESCIRRER TB . Ak, 7E Linux 2509,
PR A B ARG U0 LA A %o DA, P N R A 4l H i A A A
(W) T

2.3.1 Linux &R0t

1. R

Linux X4 i KA /2 255 ANFAT, alwd ot bE, e, <7 “ 7 0“7 1A
Wl LA« FFERI SO 2 RS S (TR SR AN o). #lln, myfile,
readme.txt, list_12. backup07-12-17 #2 % T4, il profile L& —~Fa & SR
44

A PGS ARFLFART <77 T 07, B EATTA Linux WA AR
Ko AP WAN A M BIERAF . B LU LR ER, BTSN Shell HATHy
T e

<> vt s % & 2 () [ ]

5 Windows R4 LA A, Linux FISCHFA 2K KA, KNG AERSC
{44 B N A EANEI SO 14, Readme 55 readme J& AR 1 304«

2. XHFRIBRT

D 5 E AT

AN AT SN A SR T AR, B S AR SO A AR R . A
EREOLE, AE AR AT RAfE AT SO 44 A

RS IRATGEA A, COER—RFY 0 — RS PR . flan, A2
SR, GHE R X X XS5587 BB S RAREN GG 3 02 558 58, Xt
— MU, ERER T I S Z AL S S, [FRE, 4 ER e R R RMRRE G £
AL, AL — AR SR A A R ORIA o 47 SRS 08 7 4 —
S FATREIRS SO AT AR, X BRI G AF (wildeard) . 8 FCAF AR A
HARR T, MR Z Mk, fig Sl “ X7 ’EH—#/. X8, H—
MEAKRF RN N4, ARG LSNSH T E RN BTT .

2) HEA A FCAT S TR )

DA 7 R 3 AR LR35 F () 36 AT B £+«

(1) W5 “27: PLEAERI A4 . oA “abe??” ILECHTAT LA abe JT4R, Ja T
P MER AR TR R

(2) BS “*7: VLR 0 SR MER AR (Bad SCHRIRIE «.” FAFBRAND . =
“abe*” ULECHTA LL abe FFIAMF47H: o B3 “*abe” VLACHTAT LA abe 45 R I F4Fd:, A
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ANVERL “.abe”,

(3) T “17: Ll &S oM E s P T RN/ . Afs SRS
AL, HRUCEC A/ o AFERAE, 05 SRR, M s A 5F5 A
PRSI —MHEVLES . AR5 S IR T V5 LR JUA:

o S BANVIHEAN TR, Wilabe]Koni ay by o3 MEMFH N FRES .

o UM O“-” HiRERIEEL, ta-z) R R T NG PRI AR S . T,

e W T F5F 3 THR R, Bi[z-alE e . mlfge 24, W[A-Za-z)%

N A
o HEBR: H 17 HERRFERE, WI[A-Z R R KE FBEZ ANA T 75K R IR 5
: A

fai 4, #5550 abe[123] "VLECHT AT LA abe TT4R, Ji 1A 1.2 28 3 547 5 s #30" abe[0-9]7
VCECHTA LA abe H4G, Jaifia —NMCAI 7R o 12 “abe[10-9]” VLA AT LA abe JF4f,
R AR PR T

5 2-5 VI AR AL 12 A A9 ], BT BUR B AC 45 e -

X, “Ju2?” EEA Ju Ik, BEANFHAGFHE, BF June = July,

HX “2227 FEKEH 3HFHPE, B May.

X “*ber” IEfAEVA ber 4 RA)F 45 %, PP September., October, November #»

December.

R “2[cel*” EERF2AMAFHZcRe®IFHE, B February. September. October
#» December,

3) ar e ZEU R i

M A S EC P LB ECAF RS, Shell JEA IS A H AL S w2, MRt e a1E
e MR AT . Shell HDRFILAT S0 IEAS 5 IXA XA TUCRC LR, A5
FHRTAT VLI SO 48 85 i AT R B U R R, ARG A 8 a 4T, Bk, 4d4
PATI, BB SEPR S HOE A VLR SO 4 ] (rTRLE 0 DERE AN SCE44,
() FH 25 4% 2B ) o

A echo #ip 4 A, ‘RGeS BB EE 8 . U SECER R P AEEC AT, e
SRIIAR AR R AL, e SR AR B AR UL EC I P St 44 . anfl 2-6 BT .

f52-6 4TI H 3 FILAT 1 SCAF ) hoe. hoc.c. hoc.h, hoc.o. init.c. init.o, math.c,
math.o, makefile, &I FIFE 1 echo -4 4 H 25 R 4

= 4=

$ echo *.c ¥ £ RiE4T echo hoc.c init.c math.c
hoc.c init.c math.c

$

XA~ echo 2 WEHIHB AN ESE A E “*c¢”, ML Lhe 85I 4. XER
M SERRE R S, XA echo fir A 3L FRI24T 2 40E “hoc.c init.c math.c”.

B 2-7  VCUETHH S AR T S BRI AT SO BRSO 12 3, BRSNS
TN BTSN SO, SO A A4 U “ch T TS 7 Wl chl 1, chl.2, ¢hl 3, -1,

D
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ch2.1, ch22, -+, chl2.1, ch12.2, -, NLLF echo #4471 45 42
$ echo ch* R TAPAgITR L
$ echo ch3.* $RTH 3 FHIA LML
$ echo ch?.* $RTH 1~9 A LAt &
$ echo ch??.* $RTH 10~12 9T A S 4
$ echo ch[146-8]1* #2-F % 1, 4. 6. 7. 8, 10, 11, 12 TWHALHKH L
$ echo ch¥*.1 R T A EME 1 P48

3. XHRYEER

A S B ST IR 8 FH - DR A B 1 ST, G el SO P AT R R SCAR S |
N TR P AR SO GO B ER . BA . W8S LU H g 1R AR it T
PATCAFSE . AN, Linux REAE LT SRR SCF, eNITE RS BATR Ik
(1) FH i .

Linux RGCRFLLTF SRR (3F 5 N ARiIZ R B 745 ):

. %ﬂiﬁ(&:%ﬁiﬁ%ﬁﬂﬁ%Lmi# M IRAFSCAS . B sl e
Hog3CME (e HsgR—RMREsSCrt, FT RO REE IR L 451 .

o BRI (el b) Linux RICR & F/E—PRe RS0 . W& ST A&

A (o) R X (b) w2k,
o FPSEEECME (D 57 5RERESCIE MR, BN AERZER S A S
BER:, T ScalscFm3t=

o EIEAT (p): ETE MR AR SO, F T AEISAT BRI S Eh -

4. XHRPABKFER

Linux & —PMEZHIMRSE, MAAHPEEERGE TR A SRt T8

B, RETEREWEX 0 CHFRVIE X FR. Linux RS A SO AR L8
KRB, XiEETE (owner) FJE4]l (group owner).

SO J 25l S T AT 8 GRS iz s i ), T P 44 kR 9
F P zhao FESZ I SCAF & F 5L /2 zhao.

AT, Linux REGEH PRI AR A SO 2802 & S A 1
FUH GEE SO E eI i 4D, T 4bRiR. i, 17 zhao FrfErI T ) 4 &
guest, Ut T 2 NI SRR TR 2 BRI AL guest.

5. R B ALPR

EZH P MRSGY, SRS R 2 2 o0 EH S AP 1 SO s e AL F Bk,
F40 A0 B PR SR PR il TP e SO )

1) ST I AL PR

SCARCBR P B 0 — NSO T REREAT I ER A 3009 U7 i) ORI BRAE 23 i ()
VN A T BSCCIFN S FIPAT GEATRIHATSCM) . AHNHE, Linux %)
SCAFE ST LR B, W3 2-3.



Bes Lo BERM  \ €D
T

F2-3 XHMFENREERT

i B AR FHRR a5 X
AR r AL
HRUR w AESIE Y
PATAR X ALPAT HL
ToRUR - ANBEVEAT N 3545

2% A A PAT AR BE B EEAER, REESHLEIAT, JFE" Permission
denied 174 K. .

2) SCHALBR T 43 B 3 [

7f Linux 24, Il aesl 2 AR - WA 7 st e F i
A R SO U7 Rl SRR TR LA AL AN [R)FH 6 S ST A I AS ) 75 SR FRRCR) . [RIE,  Linux
REGEXH T 5 RFZAUGAPR A1 77 20, BE VXS AS[R) S84 0 F P 8K 7 A (7] 16 SO i)
BRR .

Linux RGHERN X 0 @ (user). 41H ) (group) FiLAh A Cother)
3 28, BURYEEIRRI o B PR sl e 2-4 . 78R 303 B U7 AR IS a) LLER Xt
ANTE AL PR A0 A . VR oot F T AN EZ 1 1) A PR 1 PR i

Fz 24 XHHIBRSEEX S RET

WPRSE B A A FHRET
e XAFHAE u
A SCAF R A R P g
HABN FROCAT 8 AN AL AR AR AT o
VUREPAN AL 3 8H P IR a

WU, BRI ue g oo R AURVEEI /7 30E Linux REEMIFEA LU
) FEHIRLE . T R e br e, XA 7 e A s . e, SOfRJE R
JEALI L Z AN T T B AT [ERE <A AR, Joid i Jerh i A ml gt et
FA P AL, HATFZ Linux ZRGEATH T T A SRR SCAF UG 4 m L], BRIV 1) 4%
%4 (Access Control List, ACL). ACL BT n L8 3= 2T ALLA T P A
B2 Ah, 3 SRVFER RS S P B AN e e AL o TR AL AR B 11 23 B s A K
. AERNRTE. A5 ACL HUHIIK N 72/ 412 2% ACL AL F T (man acD).

3) UM SRR RTE

SO AR S RURRGE 5 SR F AR, BT 10 AN 45 1074 53 e s SCPF IR 2R 2 AN
BB, NG 2-1 Frose Hodr, 55 1 AN PAFRORSCIFIZR A, BUEE “-7 “d” “c” “b”
“I7 F1 “p”, AIRFEIE M. Hak, FRRS. Puks . FEREAEE. 594
PRSI AR, L3 A 4, AR ue g Ao (. SRIBATRR . 4
SR PR TR (8 P AT BB, DI IR AT AR 7“0 “w” 3R “x”, AT AR
A “-” FRoro



@/ Linux BERGENM . JRIPSWA (562 k)
~

= r w X r w X r w X

[ — e — —

SR ufIRTR  gBIRUR AR
B 21 XHEESHEWRERT

fltur, SR FIA R 45 R A, drwxr-x-—-, FRBIROE— AN H o otE, SRR
P 3 AL rwx, RoRJE AT SRHATER; AR X1 3 AP A2 X,
TR P ANZH A P ATER, BAA SR A A N 3 A5 -, i
AT IAZ H S AT AR AR o 3 tr, B SO () 2 BRI PR 74 A f-rwx--x--x, R I]IX &
— AN, ERREFEAAE SMPATRR, A I A ARHZ SO AT A TRUE .

SCAFI T A BRIE AT 5 — R R i, BRI RoNE . N AT 1800 5k
PR AT, AAHNAPRIIN A 1, TR R 0, JTER—A 9 ARy — a1
3 P N\BERECE R E R B, PR rwxrx-—, BFEFRRIAE 750 TR
TWX--X—-X, AR 711,

4) CAARTITER

SCARCBR BRI T % SR U ) 45 VE o 1E A Hb v B S AR ASCRR AT DA S LR T R4
[E B BRI EAS IR R T 1) o 26 2-5 s T U 1Al A PR RTS8 SC A FN H s SCAF I BRIE T -

# 25 MXHFMBEFRHAHRRAIER

7151 AR FRERT X3RRI 15) PRl xf B R Y7 10 PRI
AR T AR A7 AP A A S8
EHUR w AE I 2% EIRCsn ot S VAN 1" SR 0. 8
AT BB X AT A7 AEANZES, AlUiEZH S RS

i i BUBRON 3 SO (VR P 28 2 B, o B R R A AR H SR BRI T . H 3%
FeS R — A3, R ER N EA R EE A, 2 T RSO F R 8
I, s H oA I SO AR A H ok SO R A, 22 Har R I3 Gl
TR SCAE RSO 44580 gt H RSO S #RAE, BEA H R BT 2% 1 H o 2 X H
SKOCPFIIPATERAE e DRI, X SCPR (I BRAS el BRI H o) w BURPE CHARIE AT
X B, A AT w AR OE ). 72X — [, Linux REG0EA FS Windows
RGN

5156, Linux REMEIEST HRAREMIBR . 1m025 HaRAE W 300, & R BR AR ik
TEM E—Z AR w AR

IR BER T H 0 U SR B R SO BR AR -

Bl2-8 wATWTE 3 ANHREHAA TR 3 A, XESCAFRIERA T

A& 1l: drwxr-x—-x
XA 1: —~TWXr-xXr-x B Feé % E 5T Mk
B 2: drwxrwxrwx
X2 —rwRk————— A=A AT ]
H%k3: dr-x—————-
X 3: —rwxr-xr-x RPARREBEETEE, AETATRTH



PeB Linux BIEEN

Hat 1 IRR A rwxr-xrx, | H 31 )8 0] LLE s sliz 4~ B, A A REEA
H M B X513, A H KR A BUHER S 1.

H% 2 BRR A rwxrwxrwx,  REFTA A AT Se 450z H . BIMEE RISt 2 1
PR HA rwx---—--, PELIE T B =2 A N7 ) XA S, ARARATTEI A ABR & . A id
AR H S B crE MBR H ok PR ERCOE (RS H S M H 3 NI
RSO 44 . T RATE Linux SPA7IRCCAF I /NGy, AN TR BT A3 AT 58
A H s, RIS AS SO AR A 0.

H 3% 3 AR r-x-—-—-, W H 328 0] LLHEA H SRS 2 H b 1ok,
N CBIERE) AR H b, M st 4. R R sk 3
W HCA N SR PAT IO BB, AT B eV E ATl X AN H 3%, ot B M AT IX
AN XA PR TSSO 1 A PR

6. FEILERIZRIA PR

pET AN SRR H SR, RS A VWA R o SO IR A B BR th SC )
ZEHEDY (creation mask) #RE. HEAIE—AS 9 AL —HERIECE, WEH BRI RN,
022, Hebd rh A S AR A B AR, SR A 1 [P PR B (A BRAE A FR
i, HEi 022 AL FICAE A AT w AR, X FCABAURA R .

SO R BRABBR A LA I LA -

(1) ATAT SO e 2 A AR BT T A T SO, e BRIARL B A 777 HEb . i
b, FHEESN 022, WLH SO A PR A2 755.

(2) JEATPAT SO W FIERTHAT SO CnSCAR SO Bl SO, 7RG BRIA
SEVAT x BRI . BB g SO AL R (777— #D) & 666, XHL[&SE “Hfi 57 iz
B, RISEVHEL 777 Hebd R M ARCBR, TRIERIETA x A%, flin, FHERSR 022, WEH SR
PBR AL (777 022) &666 = 644, FiHEE5 4 003, T SCLF AL PR AR JE (777-003) & 666
= 664.

(3) Hg: FIAHATICH—HE, B H R MERARR 2 777- #i%. #H#ESHh 022,
WIEE H s AR AL 755

R8s, RE Az LS E THG, WH 2 022, F/ aT LUH dy 216 M hg,
PN &35 HIE SN

7. XHREMBEM

bR TSRS SCHRRAY TR RRATHRLR AN, SCHEA LA — 268

(1) SCAFRIRTRARSS, FF il SO R g P, Il AR2E 43 A LA F LA

o EEETTE] (modify time): ST P A BAE S B i B 1]

o i) Caccess time): AT — KA VG IR (1) S IE]

o AFHHINA] (change time): SC1FJE L AR 5 1 f 3T I 7] .

(2) SCHRRIRN, BRSCHRAT & I 5

(3) SCORIERSL, R SRR N B H

D



@D/ Linux IPERGEG ., [RIPSW (5B 2 hk )
R

232 Linux EZ&MNBEFx

HEHLARG H A KRS, b T ARChA 2R B SO, R SCF T ]
ARHAAN H PR HsgUFEGE A Sk, FIREMN M. 78 Linux R4, H
SRR 0 SO, JEN RIS H o P TR B I8 SRR 1~ H ok W33 . 7RV ) — A A
I, e EARRBIE IR Hat, FHE H sl s SorRE BB

1. HR&E#H

Linux 3P RGERA T HIE H gk, Wk 2-2 frs. SRS S )= H ook
e (root) Hik. MHFTEAZATHM, 8T HX P LUFRCCHFE S 2017 H
K, XFEEMT L, B — N2k I st . BH AR “MR” 250, Hakd
PRy “apke” g i (TP RIAIE A R, SO R A ) “mb 77 2 i CEL R G
TR Do

]

| bin | | dev| | ete | |h0me| | lib | | var|

[cherry| [ mary | [ zhao |

E 2-2 Linux XHRZGEHREHTEE

AP LHGERIG, SF RGNV H SR G O kR Tt mT Lz oy 20 4
H ORI H R, )= 73 JE A7 O

2 REBFRE5EHAAR

MRAFRE MR AR, 977 o, ERENFREMME IR, RGP
ACAHAEE KL T R T H k.

MPHERG S TAERE, IRZAAERA Az H, WHFERAEA A H 3. JI AT BLE
R AT H SRS ILAE AP RGP AL E . AT H o “7 For. 40 H IR H
ST 7 Aor. B H S (EFE A iz« R A RS S, 2
HHSEARR “.7 F 0“7 GERILA S,

3 BE

TEFRGE — N SCHFI, B T 3CPRA4 80, BRI SCIEAE A Skpd eh AR AL B, k|
AN TSRS . B1e (path) KTNSO A R AL & 1 s i dliag, Hl#RAe 44
(pathname) K3k, RGN (R A #AT LU BG4 ke hfaE . Bk
A4 TA SRR, HIRAIRHAT “/” 20 FF. BRA4 I IS 23 A2 e AL i A
FT 22 [ H sS04 a2 3 3 S 544 . @, #8472 44 /home/cherry/memo
#E “/7, home Al cherry iX 3 ™ H s [ 30/ 44 LA A& memo ST AR RN . TFED, Hagdh



Bem Linux BER

e, HEg R4 2 Lz H sk X4 45 B0, W/home/cherry a2 cherry H %1
A4

TRy S A, BRSSP A AT BR AT AU B AR P . ZaXTER AT MAR H SR FF U ds
H SR B8 SCARE5 AR AEXSERAE Al Ll “/” JT3ki, I FEME—ig. fldn,
/home/cherry/project. /home/cherry/memo. /home/zhao %5 #5/E 4 A #4244 o AHXTERAE 2 AN
AT H ST H W BA TS R AR ATATERTE 44 5 2400 H PR B A 0%, i
LA “/” FF3k, AT LAARBSIavE . i, 7ER 2-2 PRG540 Hsxol
/home/cherry, WJ./book/docl 5 book/docl #i/&F5I docl A, &I 40XT #1244 0
/home/cherry/book/docl; # 7 H kit book, M./docl 5 docl M5 XA LA+,
f]../memo (A& /. /memo) N5 4% #1244 4 /home/cherry/memo [ AN L. AT LA
a1 T S S Y B S E D 0 R o D N B o SRt E D P W B (R
SR IR BEAR T B

4. AREBEF

HANHPESA—AACTRIHS, FOVEH (home directory). HI M Fst)n i
FEHEAMEUE B AR E s AP0 A R A AR, ar T FERAHR
H . RGN F H 3t /home/user-id, ., user-id EH ) 11834,
B, FF cherry [ H >k 4% /home/cherry (root #i4b, /) H ¥ root). F H ik
ATLAR “~7 FRore {ER, BL“~7 JRRIBRAR R 4E0 AT, OS5 a7 H s A7 B
I, TE5| B E K 5 A /home/user-id .
233 FHMBEFRREDS

Linux R 9L 18X Hog BT ERE I fr &, WS, MkR, &5
M, Wk 2-6 Fros. Mok, 1 Hsetdsofk, Irblvr2 o s fEar S, s
Hil Bah. MER. EoUSHEE, iEH T H T ERAE . X m AR 2.3.4 4.

F2-6 EAMBRBRESGS

In B 9 % w2
BRI H pwd. cd
B HEATE Is

1. BRERTHAER

Vi) T F SR SO AT RSO 4, AT I B (R it ROk, 7%
SO SEAS H S P SO, SERE AR B, SRR AT H S, X R
AR T A T . BT A O RTAZEMEA B3 F, W] pwd (present working
directory) % (i Hat, M cd (change directory) fir4-.

Ap
CThfE] W4T H R0 iz

D



gé Linux JBEMEERSR G, IRIPSR (352 hK)

[#%] pwd
5 2-9  pwd iy 4 FHVk .

cod 7%

[ohfe] o381y H O HRE 1 H %,

[#%0) cd [H %]

[EA]) AFeE HxS80, BN I3 H %,
5 2-10  cd iy & HiLR Bl

2. B REEARR

SR H WA RS H R I & etk LRSI S R S E B, T H R E
H—ASCF . FFBoR BB SUEFIR A 202 Is (list) 4. S0 /T 301
FAETT, NSEH Is fird TR SRR o

Is %

[ohig ] Wondg e CrFEce i H R I BT SO B
(%Y 1s [0 SOk B &

[iEni]

- WORPTE SRR H S, SRRSO <7 Ko“ Bk
R BHERTFETH.

FoOWURSCIER AR (i, < el AT SR, /o H RS .
-d - BoRHFME B IEL N .

u SRR ESEVE RHE], -1

< WoRSUFM R AR, 5-10EH.

ot SO S R R



Mo L R %
A R BRI A R
L]
(1) SEONE A, EorifE SR ZEGEHRN, Badie Hx
MSCPFBIFAE B (BRARA-d 3ET0D: ARFGE O H 0, 2o i H b 130713
fH B
(2) AVHIEIRUIN 4% BEUF 3 H S BT R & SO S
(3) KepgrAllon iy, REASCRIAE R AT, AT

IR ERR HEH BE4 EB4A4L AN REBHEHE X4

Bl 2-11  Is A& L Rl




R MBI 1s * A AR TR 7 (B S ELL TR S AT AT T S L
BoEH, “*7 BEEBONME H X FRITA 44 .

Fiak, ETE IR T ACL ML Linux R4 L, CHFRUR 755 5 a8 2 iR — A
Y EARAT, W “-rwxr-x-—-." By “-rwx--x--x+". XH “+” £RIZCHAESMG ACL
BB, “7 B FosiAT . B SO ACL AR S0 FH & 111064, TEIAEN4.

3. fIEEMRE=R

AT RRAF SO, ATV A O H sk @57 H sk mkdir (make directory)
w4, MR H 3 H mdir (remove directory) 4.

mkdir %%

[ohfe] 7 H .

[#5X) mkdir [£7] H 5%

[iE5i]

-m AR AR E R A7 H

P VAL H S B H R HRAFTER, — I r IR H %K.
[l ] RFRE H BRI, BRIAPR A 77701 HE .

5 2-12  mkdir iz 4 HIVZR 4




Bem Linux BER

55 2 /> mkdir A7 7E 2400 H % N1 backup H =% R @57 versionl H 3%, I, #5 backup
H ok CAFFESE 28T versionl Hoag, 7 WIEESEHE T backup H ok, #RJ5 15437 versionl
Hag. X kgl A HRWHa 0. Bai s a5 T 2500 H 2
F1 backup H 1P %

rmdir fF %

[ohRE] MIFR H 5.

[#%=0]) rmdir [#2 7] H F--

| @GrAlD

p JEHMIER HK, B H MR S A H S SR, — I FMIBR S H .
CUt]Y & Hop A, W ER R AR

5 2-13  mdir iy % F VLo -

$ 1s

backup book memo project temp
$ rmdir temp ## = A & temp
$ 1s

backup book memo project
$ rmdir project #M 3 F B %k project
rmdir: failed to remove 'project/': Directory not empty
$ 1s

backup book memo project

$ rmdir -p ./backup/versionl #i% 2 # e B . /backup/versionl
$ 1s

book  memo project

$

55 2 /> mmdir g A ANER 48T H 3% F9AESS H 3% project, #4EKM. 3 3 A rmdir /i34
HHER backup H 3% F 75 H 5% versionl, %R PR R4 25 1) H 5% backup.

2.3.4 BRANXHEEDS

Linux R4#eft 7EE R0 EEmS, LSS RS SO e, ., K
A AR A W E R H et AT LAY E B S e 4, Ik 2-7.

F2-7 FRABOXHERESS

ThEes 3 i %
AF R cat. more. less
SR IER NS 2 cp~ rm. mv
ARG ST we. sort
AR SCA () A B FR chmod
AL SCAF (Y e T) bR 2% touch
WE R umask
Ak EER find, grep




% Linux JBEMEERGR G, RIPS (352 hK)

1. XHBIER
(3] 52— AN SO SCAF IR 5 187 B (8 5 R SO Sl st 20 SO N 28 S R 7E b e L
SR SCARSCA ) F A A4 cat (concatenate). more fll less #74«

cat s

[Thie] WoR3CIFmM 2,

(%3] cat [ 50] [SCH]--

[iEmi]

A SORATE TN, BFEATRF . IR LA IET DAL

-n KT AT TR SO BT

b Hln AL, (EN T EAT AT

s CERES A CAT A — A AT

[UiH ] 5 E 2 A SCHER, IR BRSNS RIGE SO, WebrdER AN CBRA A
B RN,

5 2-14  cat iy AR LRl

B3 A cat My R Ja R B EL BTUAETTaRIAT I, Jebnfs e T 47, S5hri



BB LB \€D

fEA . M MA—AT, cat BB R—AT, HEL Cul+d BL A 5 4 4 cat s
WYL o T PA SR 2

cat 7C /R IN AN S5 ok, IO SCPEANGF A o 200 WA ST I N, AT DA
FH more 8% less 4 o AT AT MR {87 B S 1) ST SCAR I N A 3EA T R 0, — T B
Woni#R v, F P Al LABARE B 5 A TR T B AR AT

more ﬁi%

[hE) 20 B CPF N 7.

[ %301 more [3 7] [SCfF]

[iExi]

-p ANEBE, bR

s W4 4L (125 (AT IR 45 8 — A28 AT .

+n HE n TGRS,

+Histr A str PTG Bk,

[t Y s SaEs a8 FEEEAT 4], SRR G A3E . Rige XS5
I, BRI R bRUERIN .

Enter  |n] F##—4T.

Space  [u] ML,

b i) L 0T

Istring  EH AT string.
n AR T A TFA
q B .

5 2-15  JI] more iy %73 B Bon— ML, LA 2-3.

FE SRR, DR P S Bon more, 1A RIARAA o 200 W B K v iy &2
ikt 5 more fir S AHLL, less ayS BATHUFIACHE S less i A XM 25 more
ARTF], (HH AT BLse A o S o #2, i PageUp. PageDown 2 HiI1#H 71, 1T, |
PERRAT, BRI AL AR . less 144 7K H 983k more or less, 7EIXHLA
N'E S more i 2 NG . man A4 AL K less Rcds il B3 T 51 .

$ more myproc.c progname=argv[0];

#include <stdio.h> if((fin=popen(ps, "r'"))==NULL)

ttdefine BUFSIZE 100 { printf(stderr,"can't run %s\n", ps);
exit(1):

int main(int arge, char *argv(])
fgets(buf, sizeof{buf), fin);

FILE *fin; fprintf{stderr, "%s", buf);
char buffBUFSIZE]; while(fgets(buf, sizeof(buf), fin)!=NULL)
int pid, popen(); iflargc==1) {
—-morc-- (18%)f] --morc-- (41%)]]
(a) Hif Tmore myproc.c, B 5F — 51 (b) fZSpacett. FHE—TL

2-3 F more SRR



@/ Linux BERGUENM . JRIEESNA (562 k)
~

if((fin=popen(ps, "r"))==NULL) if((fin=popen(ps, "r"))==NULL)
{ printf{stderr,"can't run %s\n", ps); { printf{stderr, "can't run %s\n", ps);
exit(1); exit(1);
j
feets(buf, sizeof(buf), fin); feets(buf, sizeof{ buf), fin);
fprintf(stderr, "%s", buf); fprintf{stderr, "%s", buf);
while(fgets(buf, sizeof(buf), fin)!=NULL) while(fgets(buf, sizeof(buf), fin)!=NULL)
il{arge—1) { if{arge—1) {
printf{"Usage: hoc exprin"); printf("Usage: hoc exprin");
--more-- (43%)]] $
(c) fZEntertd, [a] T #H—1T (d) fZqilth

23 (8

2. XHRIES. BohSmikR
ZHISCHEH ep (copy) 4, MHER A mm (remove) g4, a8 AR 6y 44 3C

4 H mv (move) 4.

cp W

[Thg] &l ff.

[i%0) op [870] 9B XHF H AR U0
cp [#EH] XM - HFFEZR

(i)
i ATRGN MR, SRR AR Ay Y B AT
T

-+ IR HH X

b AHUE SIS . O SRR R R SRR TR N~

Af SRBIEE RUAUR HERSCIRFAE BATATT, MZEBRE, K5 H .

-p PRRFICIFIEAT IR YE

-V E‘V/J\ﬁ'f"ﬁ%%o

(] =5 2GR 258, B2 2 ARCAHER A, WK ZSE fia e et 21
FIZHE2 e 3l HSE 2 ORI H R, W ZE L $RE MR ENZ H ok
T, Xr8AZ. B2 TWASE, HiE)s NS E0ECAHAERH, W A2 8
ERMERHIFZH AT, XA HE TS, BiRE-NSRALEHFE

(14 F s R A
Bl 2-16 S|4t
$ 1s
hello hello.c hello.o makefile
$ cp hello hello.save #4537 B R T LA — A
$ 1s
hello hello.c hello.o hello.save makefile
$ c¢p -i hello.c hello.save # LR EH —AH

cp: overwrite 'hello.save'? y



BB L RGN %

55 2 A op 4 H% hello.c XAFAZTHIF] CAFTEY hello.save SCAF, -1 ETHE < P A
ST, HN y BN B 3 S op dir A, 1 T /hoc J& CAETERT H 3%, JITEA cp K makefile
A hoe H T, BFRAE R 4 A cp A, ./hocl AFAE, ATLA cp ¥ makefile
SRR H AR, F44 08 hoel.

B12-17  SHIZA AR A HK T

B 1A ep i REATH XT3 o SUFRBIRIZ AT H X T temp HXF, #FKA
Ao B2 A op A R T H S R e ALh SO R R B H SR sre Hax R, {2
Bl ste HoRANETE, HRAE R

Bl 2-18 SRS 5%




% Linux SR B4, RIPSRIM (35 2 b))

PR r I, op S EUE H R0, BB ep $ATHIAE H RO E B, A5,
cp W2 40T H ok N Y project H sk 5e ¥ 52 il 1] project.bak Haxk, {u4E project IHI#
MTHZ, UKATHZRTFHTA3CT.

rm ¥

[ohfied MERSCES

[0 mm[ 2] SCH--

[iETi]

£ ZEEAEAER S, AMERR,

A MIBRATSR A P

o SRR H

v BREREEE .

[UtH]) 2408 B oo, d - e, 75 WHRES .
15 2-19  FI rm v 4 542 SO A%

R o A BRI SO L AR AR, JETAKE . AL, EHEEATH m dy 4,
JUHETERCATI e . rm * bak dir-& MR =0T H = TR AT “ bak” JFEM 3L
FAE* IR T — A7, A rm * bak, RORFE R AT H o R EIFTA 30 Fred, £
AT BRCAT 28, S5 echo SoUE— P24,  LARPIB S8 IE BRI 45 R .



BB L B %

mv %

[Zhie] Bahcff, HEiand XAt

(8] mv [ 7] X B4R

mv [#] FEXH - BAFEX

(L5l

- wi AT P A

£ APORHEIIN, HEE .

b B SO . SR SO A R SR SR <~

v GbRERELE R

L3 ] 5 R AGFA 2, B2 ARCAENHSZ, WSS e fiscbE )
FNZH 2 TR CrE: BB 2 R ORI H, WK 2301 Fia e OB ah Bl H s
T, XMAAE, HEZTHASH, BEEASERCAEMHEZ, WSS
TRERSMBANFIZARXT, A%, A2 TS, Bl 1NSEARCH
TEIF H s RS

51 2-20  F mv iy 2 H iy 44 501

FE AL BRI A o0 — 30, B R AT, BIIEIXAS my iy 452
LT S E A4
B12-21 M mv iy 8 LA
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—

551> mv iy 42K 2457 H 3% R hello.save Fl hello.o U8 F] temp H R, SCfF
AR TR 2 myv A, 1T S5 temp/makefile.old AN AR H ok, FTEl my
¥4 makefile SC/FF58) 3] temp Ht ., 3C{F 444 makefile old.

3. XERBEWGITSHEF

Linux & it T VF2 B3 30T N BB A2, LRBCE B IO gt SO 2001 we(word
count) T4 FIAS SN AR sort i 4>

we i

[OhREY WhoRsCPFm 53, FEONTT 5L

[0 we [ 70] OB

(0]

< HEHFANE.

1 REHTEL

m RS F G

-w HEFE.

| QUAED I = =8 v N IR T e OIS 4 L 1 7 N = =18V o I P 72 TNV
222 Gevk— A

$ cat poem

To see a world in a grain of sand,

And a heaven in a wild flower,

Hold infinity in the palm of your hand,
And eternity in an hour.
$ wc poem

4 29 131 poem

$

e we fr 2 AT R Eon: poem XA 447 29 A FL 131 MR TER:
AT IE TR “\n” WG ITEFRFEN
51223 GeitARAERA TN B

$ we
This is the 1st line.
This is the 2nd line.
This is the 3rd line.
<Ctrl+d>
3 15 66
$

BB, we i@ THRIATIN, JebrS AT AT, SSfFEmA. ) %mA 3175,
1% Cul+d BEESHEIA . we B W giR: BN T 347, 15 M7 66 174



B2 L B %
sort i %>

sort iy LN I SCF AR B AT %, e USRI AT 4% ASCIT 45 /s
FIRHeRe, It HEr I SR

CIREY X SCASAF P I AT 45 AR5 U HE T s

U sort [ 5] [SC#F]-

(L]

b BEEIFHRINE .

A HAEE R B Rt

f ZWE KNG
kn  FREMNE 0 DN FBITURI AN B A HERR G 7.
T WFHET .

CULWI] RFESCIFRE, BbrEf A
50224 HEF—ASCHERIA

emp_list Ji&— 03 THIFR, FATE DU THES, W 4 MrBe k. 4. S0
IES A AEEAH . PRI M. 56 14 sort v & RIKAZER 1. 2. 3. 4 7B
WA, 55 2 A sort i @KU 3. 4 TEIDWAFEF, 95 3 4 sort ir 24450 4 7B
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—

() 2530
5 2-25  HEPARAER AR N 75

S sort

Hello.

This is a test.
End.

<Ctrl+d>

End.

Hello.

This is a test.

$

AN ST, sort A MARIER A W& A AN AL T Cul+d 8, b/E% e
FRIEISAT N

4. WEXHEN

FA Rl LR fin & Bl CAT SO 07 IR PR S IE@ v, R RSO A H . 2k
ST FALPR A chmod (change mode) 4, B8 SCA I 4% %5 ] touch iy 4.

chmod 4%
[ U8 & B A7 AR .
[#%50]1 chmod [# 5] [# FAXRER] X -
chmod [# 7] [F AR A KA A] - X -
[Emi]
R ISR TR E H S B R ISR T H s RR 8
| QUTAED |
(1) FRRPRBL A IE S 2R <R S E <3 1 ><BLIR F 45>,
PPRVE: uw)EE, gdH, o HAbBH ), a raH .
PefE: o+ BEIIAUR, - HOHBUE, = AR
PR ri, wih, x 7.
i u=rw Rk A8 F P S AL
(2) ZANREAZMAIELS M, BARATHK. W: vrwgr.
(3) FUAT A JE 30 root A7 B FRAG B A I ALFR
51226 ] chmod iy A& 4 SCAF IR A7 BB «

$ 1s -1 testfile

-rw-r--r—-— 1 zhao guest 169 May 11 20:01 testfile

$ chmod a+x testfile 5 testfile AR, #PTA AN w740
$ 1ls -1 testfile

-rwxr-xr-x 1 =zhao guest 169 May 11 20:01 testfile

$ chmod o-x testfile 5 testfile a9ARR, BUH AL P #9IATA
$ 1s -1 testfile

-rwxr-xr—— 1 zhao guest 169 May 11 20:01 testfile
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$ chmod g=rx,o=x testfile #i& testfile MIRAL A F TifeiT, HMATHAT,
J AR L
5 1s -1 testfile

-rwxr-x--x 1 zhao guest 169 May 11 20:01 testfile

$ chmod 664 testfile #i% testfile MR A 664
$ 1s -1 testfile
-rw-rw—-r—— 1 zhao guest 169 May 11 20:01 testfile
S chmod go= testfile FRGHR P A A P 2 testfile #94EATAR
$ 1ls -1 testfile
=lifj======= 1 =zhao guest 169 May 11 20:01 testfile
$

FER: B> chmod w2 FIMAFRIA A RABIR TR, Fadli, (g) fk
T Co) BAMEMAUR, JEE (w MBERAZ.

touch A%
Chie Y AB B F IR Tl bR 288 Sy IRAE B o)
[#%2X]) touch [#£ 7] T -

[ik7i]

-a {3 3 SO 75 A IS ]

-m NP S (B BSOS ]

- SCAFASEAERY, AR ST

-t STAMP  {§iF STAMP $i55€ W [AIbRES, 1M A& R G I AE ]
Ui Y 4R K AR, BREES — AN 2 SCF (BB —c kT,
5 2-27  J1] touch 7y A& 25 A TR [R]85«

$ 1s -1 hello.c

-rw-r--r--— 1 zhao guest 66 May 10 21:34 hello.c
$ touch hello.c #"touch"— 4~ LA L4+

$ date

Wen May 17 10:05:19 <CST 2017

$ 1s -1 hello.c # 8. 7 LA 6 15 PR )
-rw-r--r-— 1 =zhao guest 66 May 17 10:05 hello.c
$ 1s -lu hello.c #2635 1F B IR
-rw-r--r-— 1 zhao guest 66 May 17 10:05 hello.c
$ touch abc Ertouch"™ —A-3f A4+

$ 1s -1 abc

-rw-r--r-- 1 zhao guest 0 May 17 10:08 abc

$

5 1 /> touch it 2K hello.c SCIF I BCRT ] B[] 280 SRAE R 8], SX R H
(IR D T g R i B A R H AR . 55 2 > touch A2 (1124 abe A2 —A>
CATIISCPE, GG ERT N3 3CF . touch (I T REL W WA R e~
Ak
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~

5. BN

F AT LR umask #4275 1B SO IR B HE ) o

umask ip %

[ohiE) WE . S d SR RS .

(#4301 umask [32 7] [##5]

(i)

S LUARIE U B R AT A PR

CUiw] Y Ffiae 7 HEAS, KR RSV B dt ST A BRHED s AT e e, T2

ANELAE A BRHERD
5] 2-28 umask 1y 2 [ 7L~ )«
$ umask # 57 5 A A
0022
$ touch testfilel $ATE—ALA LM, RIR 644
$ 1s -1 testfilel
-rw-r--r-— 1 zhao guest 0 Oct 13 11:21 testfilel
$ mkdir testdir $E—AB R, MR 755

$ 1s -1d testdir
drwxr-xr-x 2 zhao guest 4096 Oct 13 11:25 testdir

$ umask -S 007 FEHREHDA 007, MFHFXEF
U=rwx, g=rwx, O=
$ touch testfile2 I E—AMALALH, KR 660
5 1s -1 testfile2
-rw-rw—-—-——- 1 zhao guest 0 Oct 13 11:28 testfile2
$ gee -o hello hello.c HhiF—ACRAEF, ERTHATLH hello, MR 770
$ 1s -1
-rwxrwx-—-— 1 zhao guest 1668 Oct 13 11:34 hello
$

%1 ANAHEZE umask @72 T ATIOFERS ;SR ERAE Bas THEAD XS TR
() SCAFAH sk ATIEAUR I E - . 3 2 4> umask iy 2 ¥ HEAL 13 007, FFHSFF 5
B ARG VE G A BR AR o HS R A o 1 3R T8 ST Se g R

6. XHEHXERE

AL T AN S ARG, aT AR A find vk & 4. find A& — N HER
FMAR TR, SR st anscfbsa. B8, IE. 815 RSN
H st AR UL g SO, FFnTAT UCBE I ST T 5 R i 2 o

FAN—ANThRE A T H 2 grep (global regular expression parser) 4, 763
PR R AT R grep i SCRFHT IE 2205 AUHA (148 288, DR a] LLSEIR--73 52 4%
MBHER IR

find 755

CZhiEY MAREM Hx PG 1 & 2 4 PFISCrl, P s8I SCPHAT TR E 1



.
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[#%20] find [ Hog]e- [ #1820 [#1E]
[a0) LA TR EE RN fTLIRE 20450, &&1E&E 2 FHiE
RIEEERE, MABEAREYS (@) i85,

-name ¥4

-user f| ' 4
-group %

-mtime [+-|n

-atime [+-]n
-ctime [+-]n

-mmin[+-]n

-amin [+-|n
-cmin [+-|n

-type x

-size [+-|n[bckw]

-a, -and
-0~ -Or

!\ -not

\( ZHEA DY)

B SR I SCAF ATV G SO . AT DA M RC AT, iy Al g
R B 5] S BOR AR A A s Ok, Wt

B AR P BT 1 S

B e FR 2 H A BT (1 S0

BRI E RBOTME L E . “n” Tl 0 K, “n” For
AL R, “n” FoRIELF n K.

Pr kT RA T U a1k 1S -

B B Fa e KA Tk sk

IR E B EGTEMOL  SC . “n” R n ArER, “n”
ForAHRL n 3 8h, “n” TR IEL n B,

B AT E 3 BPECET U )i (R SO

P FRAEFR 5 4 BRI AR Bk () S0

BRI N x 1 3 x IR IR R BT (F A8 S,
d A H=, b ARSI, o MBI,

BRI n S, BHBFRRRAL. ¢ BFET, b Ak
(512B), k AT 777 (1024B), w A7 (2B). ZRiIAA b “+n”
TRt n, “n” BorAHIL 0, “n” ToRIELE n.

51255,

e KN

E Sy R

AT . FAERE 'S W IIRIA e T

LHRFE T 4500 P46 5 R 2 B S0 P BEAT I AR B0 A -

-print

-Is

-exec w4 {}\;
-ok 4 {3\

W R B ST 44

W SR TEANAS B

X HF ) SCAF AT H 8 B2

Lj-exec MlfF], FUEPAT A2 IR A

Cie] ] BRI e R AN, B H R PG S, w&RE X tt. Ki6e H 3,
RNAHFTH . RIBEHEER, BINEAEZ-print.
5 2-29  FEAAMFEIRIF BoRE R

S 1s

a.out hello.c hello.o makefile temp

$ 1ls temp
hello.save

$ find . -name 'hello*' -print $E LA FTEHKSE F vk hello Frkey i

D
——
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./hello.c
./hello.o
./temp/hello.save
$ find ! -name 'hello*' #2534 F VA hello Frkay At
./a.out
./makefile
./temp
$ find . ! -name 'hello*' -type f #&#& &FFR¥lhello JFkuiid L
./a.out
./makefile
$ find /var/spool/mail -size +0 #& 3 /var/spool/mail B FE F AT L4
/var/spool/mail
/var/spool/mail/cherry
/var/spool/mail/root
$ ed ~/project
$ find . \( -name '*.c' -o -name '* . h' \) -atime -3
$ERGEL A c & h, FEAETLFI] 3 B AH0F R A ST
./hello/hello.c
./hoc/hoc.c
./hoc/hoc.h
$

1A find @A -name KL, Forfe b B A HRE S Hak. $
YER B B S

52 A find iy 2T -name Fik XM —NEIEHRT “17, RRBREFMFIAE
ZAFHILE SO A ARIRE, BOAR 40T s S#AEARTRE, SATEVARY -print
Ak,

% 3 4~ find #7277 15 -name A1 -type B ~RIEZ, -name FiEAFI5fH 17 EH,

RAZBIRABHLT, BWAMER “5” B8 -a. 8. LEEEHFMOMNERR,

“4'5” BT 5”7 J@ﬁ I A AR A S A FAHUCAC ), Jf BR800
SCAFRF ST A

e (1K) find 7y 477 47 P -name F1— -atime ik, R ANFRIiAA 2 A “5”
BHKR, A SRR REHAT “80” 125, H5H 3 ME T “ 57 185
[KIt, phar S SRR S 1 AFE X 2 ANRIE A A HIUCEC I, I P AL U
i B T ) SR S0 ) A ﬂﬂ%&ﬁ?ﬁ?, B+ “B07 BRI T “5” B85, kik
HOREEs% e ¥ NEI TP S P v Wl 115 WSS e W B e K ol 1 DV R S Rt o

{5 2-30 ﬁ?ﬁ#ﬂﬂé’ﬁ%:

$ 1s *

hello:

hello hello.c hello.o makefile temp

hoc:

hoc hoc.c hoc.h hoc.o init.c init.o math.c math.o makefile
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$find . -name '*.0' -ok rm {} \; #EERIABE LA .o vy T4 R T THIE

< rm .. ./hello/hello.o > ? n

< rm .. ./hoc/hoc.o > ? ¥y

< rm .. ./hoc/init.o > ? ¥y

< rm .. ./hoc/math.o0 > ? n

$ 1s *

hello:

hello hello.c hello.o makefile temp
hoc:

hoc hoc.c hoc.h init.c math.c math.o makefile

$ cd hello

$ find temp -size 0 -exec rm -v {} \; #Mk temp AR THAKES 0 a9
removed 'temp/errlog’

$ find ~ -type d -exec chmod 750 {} \;#¥ LB FXTFHA A FKGRIREA 750
$ find ~ -type d -exec 1s -1d {} \; #2FEBARFHA A RLHNEL
drwxr-x--—- 5 cherry faculty 4096 Dec 9 10:09 .

cherry faculty 4096 Oct 14 12:50 .kde

drwxr-x--- 3

drwxr-x-—-—-— 2 cherry faculty 4096 Oct 14 12:50 .kde/Autostart
drwxr-x--- 2 cherry faculty 4096 Oct 22 14:21 book
drwxr-x-—- 6 cherry faculty 4096 Oct 23 10:09 project

$ find /var/log -atime +5 -exec rm {} \;

Mk /var/log BRTF 5 HA[F Fl &g L4

S cd ..
S date '+%T'
20:26:19

$ find -name '*.c' -exec touch {} \;: ST A . ¢ S84 B 18] S ILAE B )
$ find -name '*.c' -exec 1s -1 {} \: # B 30 2 ST A6 1 R]

1 cherry faculty 96 May 17 20:26 ./hello/hello.c
-rw-rw-r—— 1 cherry faculty 522 May 17 20:26 ./hoc/hoc.c

1 cherry faculty 196 May 17 20:26 ./hoc/init.c
-rw-rw-r—— 1 cherry faculty 290 May 17 20:26 ./hoc/math.c
$ find . -name '1ist[0-9][0-9]' -type f -mtime 1 -exec wc -1 {} \;
$ERMERS AT, B4 List mAARCF 58 U, RitiTsc
15 ./hello/temp/listll
18 ./hello/temp/listl3
$ find . -name 'list[0-9][0-9]' -type f -mtime 1 -exec cat {} \:;

—Ir'Ww—Trw-r——

—r'w—-rw-r——

0631105 Zhang T.i 68 79 C
0631110 Li Ming 89 92 A
0631134 Ma Linlin 18 81 B
$

5 14 find fir & AR 0o FICHE, IRl 720 Colo PATIHER %A .
JHP g “y” By BIUIER, S A TEA 47 WS bR - e A find &7 47 AR
MR &, HAT RSB S SCIFIAT R, 5 NIRRT ¥
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WP SCAF RN

grep i<

[Dhfe ] 7ESCA SO A S e e ARSI A7 H . BoR & A ILEC 747 R AT .

(%30 grep [#E 5] WX [CH]--

[Exi]

v HIHR A E VLR H AT

¢ ANWRILACHAT, R4 ILECAT L

1 HERESAHILEART BSR4 .

1 GBRAHEE R H S TR SO T H k.

-n TEREANULEAT AT INAT S o,

4 ULRCEFANX 2 Kb o WL may ATULIAC may, May Hl MAY .

-w o JUECEEAS ], A sy Wikisl magic JHUCEC magic, fTANULHD
magical.

Cue] Y R45e CrEmE, weprrEsm A SCrF . Brb ar BURERT Gl AR 245, air g ik

PR AT I, T A B 5 o " B R ok

[+ ] feELRC AR e E . Wit '[Mm]ain' ULAC Main F1 main.

<o > bnEREE SR, WAL "<man' VUM manic A1 man, {HANJLH Batman;

F5:0 'man\>' UL} man F1 Batman, {HANULiC manic.

S WEATHE SR, W “The' UURCAT E K The, i ASUEEC HoA A7 11 The.

\| ook A e O R . Wl 'Saturday\|Sunday' VL#C Saturday 5 Sunday.

Bl2-31 FE AR E:

5 cat poem
To see a world in a grain of sand,
And a heaven in a wild flower,
Hold infinity in the palm of your hand,
And eternity in an hour.
$ grep and poem #4£ poem LH P % and, FFIEEGIT
To see a world in a grain of sand,
Hold infinity in the palm of your hand,

$ grep -c¢ and poem R ET4H and FH ST
2
$ grep -v and poem #RFAR4E and F4F F 44T

And a heaven in a wild flower,

And eternity in an hour.

$ grep -i and poem ## % and, B KN E

To see a world in a grain of sand,

And a heaven in a wild flower,

Hold infinity in the palm of your hand,

And eternity in an hour.

$ grep -i '\<and' poem #3¥ %l and AR FHS, ZuKI)E
And a heaven in a wild flower,

And eternity in an hour.
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$ grep -n 'in a' poem $¥RT4E5A “in a” 8947, e biTH
1: To see a world in a grain of sand,

2: And a heaven in a wild flower,

4: And eternity in an hour.

$ grep -w 'in a' poem #¥ %5 “in a” TAKEERIE (94)
To see a world in a grain of sand,

And a heaven in a wild flower,

$ grep '[sh]land' poem #3# % sand & hand

To see a world in a grain of sand,

Hold infinity in the palm of your hand,

$ grep 'sand\|hand' poem #3% % sand & hand

To see a world in a grain of sand,

Hold infinity in the palm of your hand,

$ grep '“and' poem $H FALTA7 84 and (KK F])

$

HE: SR P R P SRR AN, WS S SRR, WE A grep
2 [ Mand's FRFR AT AT A IG5, W 14> grep w2 [ and.
i 2-32 FEZ AR H PR

$ grep printf hoc/*.c $fEhoc BRPHTABE LA .c iLHPH % prints
project/hoc/hoc.c: printf ("Usage: hoc expr;\n");
project/hoc/hoc.c: { printf ("%$s\n", buf) ;

project/hoc/ math.c: fprintf(stderr, "Error: division by zero\n");
$ecd ~/

$ grep -rl printf project #7 project B F# P %4 A printf 6§ 4
project/hello/hello

project/hello/hello.c

project/hoc/hoc

project/hoc/hoc.c

project/hoc/math.c

$

2.4 WANBHEED

241 mESHNBASHE

Shell fiz 4 ZE AT IS A1 75 22BN e Bl —Sedm AN s, R4 Ak 2 2 S o 3
i o fF Linux REEH, CELH N0 H B A0 VR SO RS o 6 I A A e 2%
(KSR A T/O S Linux RG0E X T 3 ANbrdE VO SO, BUbRAES A SCAF stdin, brifE
ST S stdout FIERHUERS U4 H U stderre AEBRIAIOTEOL TR, stdin X W2 b [ B £t
stdout £ stderr XJ W £t (1] b 7k .

OR[> AR BT A A FRAE 1O ¥ %iﬁ?ﬁﬁi)\iﬂﬁ?m EATTM stdin B2 AN EHE,
g 1E R g H s SN stdout, HFETER(TE SN stderr. C i 5 #2448 [ X5 HRHE VO A

(53 ]
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(11— PR %L, U1 scanf()/&1% stdin, printf()/&%5 stdout, fprintf(stderr,---)/&"%; stderr. fE77
SIFIRIZATING,  Shell 25 FAZh A EATIFIX 3 b VO S, FFEELE SO £ B & 1)
R XA, Sk stdin SR, HURFERBUERRIA; 245 stdout By stderr SCIFI,
AR Pt B 2-4 Fidk T XA ERA AR AE S NS B B L 1n)

A i

| 1

i stdout

| stdin /’:;,‘\?I—u B

1 ‘H.\‘L“’H—

| 4

50

B 24 foERABLHTIER

VETER s FRHE VO 3OS SERRBER 2 18] 1 ORI K R A AR i IZ AT 2Z P th Shell g Hodt o7
(1, A HARIEX ORISR R HIFE WAL T, Shell AT LAFHT & SChriE
VO A5 S br i s BT Z I R SCIBR DG A AT 52 i & A i N A PR SE B i - 3K
AL SN A HH T [

R FE i N S 1] LRS- A B R ) SEBL AR TE LR, P Al USRS Mk
2% Linux fip4 F955 A6 L ), 80K 24 a2 105 N S AR B2, SEBLRTE 222 I fig .

242 HBIANEZEM
N A2 ) 2 TR A0 A A BRI A U028 3R B ST (R &S0, i 4 iz

SO R B PRI, I 25 BT at. HA T2 B B Ak
BRI I fir 4 050 A

kD
!
i

B 25 fREBAEERTEE

B N SE RS N

b < K

AT IXFEI AN AT, Shell & JCW TTFEEE S5 a2 1 stdin 2 [B] (1) 5CHE, 45
SE M SCAF IR stdin, RGBT Y. XFE, a2 e WA SCAF b SR s A
SR

5 2-33 N E RPNV .

$ cat afile

This is the 1st line.
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T

This is the 2nd line.
This is the 3rd line.
5 cat < afile

This is the 1st line.
This is the 2nd line.
This is the 3rd line.
$

A, A cat Ay & IAIHAE AL ZRUT, BHAT T AHAE . 85 1A cat T — AL
1E 55 afile, FEIE T RTEEN afile SO 26 2 4 cat WA AT S5, FieiE
FTH A LEBE stdin SO, M Shell 4821 stdin F5E 1) B T afile SO I, 4 afile (19 24E
K bR AER NIEYS T cat, XF cat A5 AL,

] cat fir 4 Ff, VFZ Linux fir #88h LLSEUR B S5 e i\ SCHF, 5 AR TR/ E X
PEERER A M A FRAES T N NS . X FIRFER 4, SR e U S MmN E e R
TSI —RE (0 cat 54D, BTLALAA BT E M. (R0 AR5 v
HURE KR AES NGBS 4 () mail. tr. sh 254 SRut, JESAEEEHL
AN, T a2 P N FDE [ B SCrF,  shae st 2 B T A KR4
5 (BRI

243 HHEEZEMR

7 L T ) TR AU A AR RS H BObRvE A et T ) B e S . IR,
Zar A MEH A SR e R L, RS AN B .

R RS e LUE S e m Thfie. B, WlREAS AR L, 7oA
LEARRE A B, B AR LA FIE1T, 264 H e 3 —A ek
p, a L LA A A i A I ET A L

St E e A 2L ER SRR EE m . BRI EE m) . bRvEE R
HEE M. AR EE N,

1. ¥R EER

P AERA HH O ) K i A T bR e O B — AN SR, Wi 2-6 Bk

— @4 :::”””AM%
—

Ly stderr

& 2-6 *ﬁfﬁéﬁgﬂﬂiﬁrﬂ%%lﬂ
hr iR T R
wrds > H
PRAIXFE 24T I, Shell & SEWT T a2 IFRERTH stdout 55 B2 [R] 1) 5¢



gé Lirux JRAE RS, RIPSIM (552 %)

K, FREMRE S (P ZSCEAMAAERUET ), SRR IZ AN SO IR IR B iy 2 O b E
frth Lo BtJe Shell JAZhiZey 447, XK, & A M BT b A5 B 5 X
A, AR BoRTEbR g L.

5 2-34 4y T E i) RN«

VERG LB EE 2 A Is A TEBATI, DRAE LA W 58 34 Is iAW 2457 H
K2 T A filelist, cat 74 R TXA M, EMNEBZSE 2 1 1s 2 1%H
op 8

2. MinnsEEER

B 4 T o R R A A 1 BRI — AN ORI T e S bR g R T e A AL,
SUR M8 E SRR, A3 H =508 1) (A0 560 SO 2%, TR A & DA A
SVEIN, 1T BRI T ) A O B SO N AT R N A R A 4 H B e S T

Bl R ) (R A

S &

510 2-35 Y s i T E i 9T«

I 1A echo fir S HINE T A diary 3CfF, HEHNFATNE . date fir S K th
E LN R diary TG . 2 2 A echo iy A [n] diary LA N T —47. 52511 cat dy 4>
WoR TS, BN AERUEX 3 A A a5 5.



BB L BIEEG %
3 FRESBIERRHEER

ArvRE TR R 1 A i IR HE R TR AR DR A B — A SO, i 2-7 B

stdout

stdin —

_______________

20 stderr \
I
27 fREEREEEEETEE
AR R H TR ) (% A
dh 2 > X

B 2-36 et FE [ (N«

LB, 1A we AR ETH 3 T 4 A O g S . B
hello SCAFRAT AR, FH we iy B HATINRES . TEXA we dr A 18, 21, 3, 4
S AT EbRAEST I, 5 2 AT R ARMERS R . BRIARS, ENER SR EBERE e Y 2 N we
iy AW bR AR R A H e 1) B weerr UM, BERT, BEEE AN BORES IR B

AW, UK H B, RATE S TIPSR R . AR R TE @ 10 T LA
KENHHE R PR R E R, PbefIEhis L —Wmil.

4. EFHMHEER

A4 EE A R SRR R RS N AN, i 2-8 R



ﬁl/lLMMEﬁﬁﬁ&%\Eﬁgwm(%EW)
~

stdin 3 . —

AN

i |

_________________________________________

B28 AHEHEEETEE
B I EE [ [k U

A &> LA

B12-37 £ FF4anH I 0 A H -

$ 1s -1

-rw-rw-r-- 1 cherry faculty 94 May 15 20:05 data.c
-——X%X-——-X-—-X 1 cherry faculty 4680 May 12 20:15 hello
-rw-rw-r-—- 1 cherry faculty 57 May 12 09:16 hello.c
-rw-rw-r-- 1 cherry faculty 350 May 11 10:06 makefile

S we * &> wcout
$ cat wcout

(& 9 94 data.c

wc: hello: Permission denied
5 7 57 hello.c
8 58 350 makefile
19 T4 501 total

$

AW 515 2-36 FIAN[A] S we dirRKE PRt H 5 PR AR a5 H 5 5 FE5E [ B weout 3L
e SEmt, BidE LA WAATATG R, ENTEHE K AE weout X AFH 1.

5 W EE R AN

i T 1 AR T ) — i AT HR A, AP g 5 1) T AR e 2 AT
BOR, TSI Th g LA & SRR H B 5E [ (1 M 8 T 92

(L HIFXHE, FFmiT5:

$ cat -n filel file2 > file3

F cat fiy 4 Fda 2 g n) Al DO ARSI 2 AN SCHEE 9T eBlh, cat % 2N T
1791 filel I file2 [N %S L] 2-14), TG, SIS file3 .
S cat > file

FI cat AT FE [ n] DL B EE ST A/ SCfF. BEBi, Shell 1555 7 3CfT file
(CHEUAAFLEMNIE), RIFIEAT cate cat MARHERIABEACA, GNP file .



Bes Lo BERM  \ D
T

(3D [m) SCAF s I g 2

$ echo "End of file" >> file

XA ) SO RS I SCAA T (R TR B8 51 JX B echo iy 4 [7) file SCME AR JZIBIN—4T L F.
WRER 24T, A LLA] cat >> file i 4.

(4 ErimhfE R

$ make > /dev/null

A5 5 2 make [1%H E E 0] 2)/dev/null. 7 /dev/mull & NREFR RS SO,
FRON “AB 8487, 5 NIXASBE S I s (R N S —FE 2k o X 4ar S A THY, make
R KA E i RS B A, e DE R BRETRGE .

$ cat /dev/null > file

A, cat /devimull ASF=AEATA S, EELEB SN EE N T X file .
244 ETiE

BIE (pipe) [MIhfELH — A& HbniEs HAE A 5 — i S brdEsmA . A
EAT LR — R Y dr Aok, Bl A8k (pipe line). EIEL AT — Ay 2105
Wattibeha— N4, fEerN. B2 SonyEhts LN RS EL P i E —A4
iR TH i

THEAWFIEA, T

WA 1| A 2
Gt 1 | tee I |44 2
A NI EE, FEA TIEEE. S0 Vo EME 2-9 frx.

stdout stdin [~ \stdout  stdin [ stdout

stderr

Tt
(@) Bl “ 41 | %27 (b) T “ 41 | teesf | 542”7

E29 EELZTEHE

FEMMERT T2 PA a7 K, BRKE—FnTEH, ERPAdad
TIESER & R AL BE T e o 08 24 Al 5 TE AT LUK KSR R I e 0 A%

LR B 7256 18R LRPE k.

1. MLy

A A I AR 2, FARA R HOULE S A5 R, 0 022 ) more 81 less



gé Lirux JRAE RS, RIPSKM (352 48)

SR B A £ 1T P
Bl 2-38 T & (R -

2. xR L EITIR RS

A — A2 MR TR MR E . B, AERKNTREOFHLT, who 4 1)
AR MK, B2 grep v 45 G B AT LI Zdr & (04 H AT R IE,
ARFTROIAE R, W RS E . DS we a8 ST Lo iz an 4 1%
AT ST .

B12-39 AL

Bl 2-40  Zritdn S 4




PeB Linux BIEEN

$ find /bin -type f | tee save | we -1
5 /bin T 6P A L L4699 A BN save M, B 74
76
$

s A A G VR SOME A AT TR B BB oR g R 2 4 Shell b3t

ﬂﬁ%w%fm MANE 1s B SEPrdi AL OB 1s ﬂjﬁﬁ'ld_nﬁﬁwil — AN AR BAE 2 1s
SEbri A . Bk, EE 2 AN Is ndrh, Is 0 e EEIE ST we @4, we 48
o AT B 2 1s BB S A 4

2-1

2-2

2-3

24

2-5

2-6

2] R

HIERARE Cinar4 4. &I, 250 JHALL T a2 4oy

echo -n Hello!

echo Hello world!

echo echo

R date f A WA “Beijing Time: hhrmmess” [FIES[R],  NAE 444 K
ZH?

HH T A AT IR A R

(1) cd (2)ed . (3)ced /. (4) cd/

HIRIAT P H 2 e élﬂu H s 40 gt 12 o 2 A4

$ c¢d /bin

$ cd . /usr/share/zoneinfo

$cd ../ /b

$ cd games

A0 H ok R AR SCfF: arp, egp, gep. icmp, idp, ip, ipip, pup, rawip, rip, tcp,
udp. G LT echo g4 1% :

(1) echo *ip (2) echo ?d*  (3) echo [aegi]?p

A i AT A AN 2

(1) 1s /home echo /home

(2) 1Is echo

(3)Is * echo *

A& A AR ?

(D Is -l Is —1d

(2)1s * Is d *

fRFE T AU B IR ) ST 2R AR AL FR -

(1) drwxr-xr-x (2) -rwx-x-x (3) crw-rw----

CVRTH ™ 32 H S KV AR 700, 1% H % T 11 memo SCHF(FVF AR 777, 3L
A AT AR A SO 7 Rt A

@



@/  Linux IBERGEM . RSN (582 hk)
~

2-10

2-11

2-12

2-13

2-14

2-15

2-16

2-17

2-18
2-19

2-20

2-21

TG HT SO R EEHERS S 037, B i 7 I SCARSCAF I BRI PR A& A 7 it i)
H sk (R ERAR R 2 A4 2

gt S, Pt AET Hsk A RS AR L s fF, S SO e
fE .

W temp 22— MEF Hx, BTN 3 S AT S R

(1> m -r temp (2) rm -r temp/* (3) rmdir temp

i, B H s I profile SCAFE R 3 H ¢ F 1 backup Hax Fo W H AR
AR, R R .

WA myfile [RAPRA-rw-r—1--, FEE A N AT HAT AR, AL AT 4
fir & ?

O — Al S, RATAE E H 3 FRREAMMLE, AP 54 mem 7475
A XA S S

b S, MEEHZ, MEBTGES4H “.af” HHEL 30 KA i) ST
fiF, FEMIBR TS H P A

gyihfr$, 7E memo SCAF T4 547 Saturday BY Sunday (11T, ZHE K/ .
i, et memo SCAFHIATEL KA RS AN memo lines S .

LI RT3 AN A ZE T :

(1) find -name '*.c' -exec cat {} \;

(2) find -name "*.¢' | cat

(3) find -name "*.c' > cat

VAN — AT H U5 ACHS SO 817 AU ~/project Hat R, TG4 K “c” 5 “h”,
A~ dr gt B A AR AT L.

A — A AT B LA ThRg:

(1) X 3AT data HEFy, #4545 A7 A datasort SCF

(2) XMt data HERF, #4545 545 A datasort SCHEH, 755 56 B SCHE AT 5
(3) XA data HEFP, B4 WAEN datasort KA, BATEAFEN datalines CAF.



vi XA e AE

3.1 vi XA HELA

5 UNIX M[F], Linux A5G 12— ARG (text-driven) [141E RS A
AR A ASCIL 57435 B Yo il 5 19 iS4 M I SO s AN A AR AT A 2R oA
Bo SO SCAFT DA AT A SR G ds i Re, A ml LA T AT RE P E R H] . 7E Linux &
G, SCRICIRE 2 AR RAECE SCIF R R e TR IR AE AT B X845 FH 7 a]
CIAESCAR T SR 58 LA 1 TAE, g SR S5 eE. BN RSE. M
SERIT A X LG T AR A T H AR A 88 . Bk, Linux [FF /7 R 29 3028 /b —Fp
ARG s o

311 Vi XARESENE

Linux FHIXCAGEZRAGREZM, L vi BT CA Y 1. vi (visual)
F 1978 4F, BN KA TERI ML Bill Joy 4’5 . MILEAE 4, vi &G
UNIX/Linux 240 b 25 2 .

Vi S AR UG, AT ORI T DhRE,  JURL RO PR AR . 2L
PSR, v IR AT Gl A5 U R FR A SE Ay, X EHD) R AU R L R R A

1. 4RIETNEETRK

vi 4R IhRE |20k, BRIEE MM IIREAL, vi S F— e gm R I, Wk
MR Zar 2 WA R X LR Pl v DS RS B AR Sa 4B AT 4, B 4 45 17D Y
Retb BBk, S — A, vi IhEEN oy Tk, e — N gnkay, WA ILMhIhhE.
Linux 2t TIF 2 L0 I A& TR, W, H7. WiddE. e-mail. 4wt
vi A LUFGX ST R R AR, TSl LB A SO 0 A B 5% . H—L8/h T
IR e — N T RS RTRE AL IINE, X2 UNIX i 3877

2. EA T EMARA ) UNIX/Linux R4

vi 52 UNIX/Linux RZEMFRAECAGH#S, L PR & UNIX/Linux 3% LA AT
vi, % 1{F Windows. Macintosh. OS/2 /5% IBM KMAHL S/390 &% - #lfHE W2 vi 15
ARRA . I LA S g 85 CTAAR LI

3. ERTEMER K

vi fHEA)TIZ R R S R 22— A SR e i B A T ) V2 G N . ANE S VAT T A LB
I Esc B 1] 28 ey, 2 A7 AE BRI ce FE e iy, SO ECAT 58 4% [ Dh g SR BRUAR (1) I



@/ Linux JPERGEG ., [RIPSWE (5B 2 hik)
S

ARAC 2, HHT LURAF MO SCRF vi SEROCA i T 1%

4. EHRERE

AR ORI ) B W dr 2. T IR SRR, vi SROE T VFZ AT
%o vi AT IR T2k, (EER A PR s DB FAT AL o R KB, A
AR ey AT (HA TG RS, T2 IR FERRE R A, i
fir & WA /DI T IER L, vi B VRS Linux FFR A BRI R G 5111
A ds . WA i — BO g, e I vi I8 7 50, FFTERCE CAFAT
1R AU

3.1.2 vilITERER

visg AN EREUEAE, BT 3 MR TR, EAMM TERNT, EXEA
PN BEA AR R . vi FIEEAR TAERE AW T,

1. f2iEx

i 2 (normal mode) FlFH#HUTHA XA E L. AT, WA
FAFEAE A w2 R AT, DEst LA B REIANE.

2. FEAER

A AREA (insert mode) HF5ERCA A TAE. FEMAMBUT, AT 5
HRAE A SCAF N B ORAE, JF BoRTEi4E b

3. RITEX

AATHE (last line mode) WHKA ex 8. TEARITHF, Jubafs B 7EBEAEI R
AT, MU A R a2 I F AT . ARATHE A FHAT — L2 /P ERME, WaUHRIE. &
HiE ., AR, PRI, AT Shell Ay 255

FECAG LR, F P AT RS H] vi 723X 3 AP CAER S 2 TRt AT D)4, 58 A& Fh g
AR, 3 Pz B AL 3o R P 3-1 Fios.

| Shell |

HATaS (R
) AT
i &

______________________________________

E3-1 vi TEERXBYEER

3.1.3 viNEARTERE

Ja3h vi [F 715270 Shell FHEIA vi 4.
vi i & A5 U



B35 vi XrhiwiEas

vi [

vi 8RR B MmN X, FIRE T X BEs O, PRI
WA P X s FARE I SCEAETE, WIEEST IS o BEJS vi Sl s 4 Bf 4
BT, B ERMAES 1A 1 B & . B 3-2 (a) S vi 3l a (A0 8R Slif . bk
AAT W [P S A RS R o JERR A B 1) A DA S A sl P im gl A U ok, <~
TR AT, EAIAE SO AL R 4

vi 8l B e N . BRI, B P AT DA vi 4 Ay 23T ORI AR
Ee. FEAFIARE I A V20844 Insert S8 8GN an 2747, WK 3-2 (b). ARG HL
Esc BIR [y A0, WE 3-2 (o). MG nf DMER &R is ay 2% R 1 SCAR BT 18
o BRI TIETE 3.2 W4 R gniEor 2 SRS SR NG 45 92 0 DX R 1R ST )
A, XA ASHAES. el @iscm)h, EHETHS “wq” BBEUS A 7R
AR AR IR vie A5 HUGEAT R ECSCHHEE R 0, WATH “:q” AR H.
K32 () mE TR MLHAE, BE2MCFRERRE 4733 WP N4d.

B 3-1 vi (RFEARE L 3-2 .

| |

"hello.c" [New File] -- INSERT --

(@) I —1 8 LfF hello.c, g Adn o Lz (b) t#Insertf, i AJH AL

#include <stdio.h> #include <stdio.h>

int main() int main()
{

printf("Hello World!\n"); printf("Hello World!\n");
"W
(c) B A\ FERK . FRESCHIR [ i 4 20 (d) EAFATa S, FEERL

E 32 vi EERIIERIETH
32 vidAxeHS

vi (i &8, (HIEH g TR & EZER LT —/ Nl 4. fEf T &
REOR IR AE SRR AT S5 6, S RENEAE vi T b 4R 38 > (9 dr &

65



66 Y4
~—

Linux JBIERGEEN ., RIPSMA (56 2 k)

vi [ 4t a2 03 A LU JLE:
o BAhrir 2

o A SMNER a2
o fEEHE R4

o &kl

R 5 1 iy

o Fhi5ELEMS.
vi (R &0 S TR N 25 (W ay I o) A/ E (W dw, ce)o IXakd i,

A A 3 3 B S T CASCER T A e LA, sEA
fif X 26 55 4 fis

LA TSI TR Ry &

VER

AT RIS R . Rk, B
vi [ 4 L X 2 NG T

RVE T 745 di 2 U mT LASE T A7 Gl TAF, vi 2320t T BUACE AL iy 2w 4R 1
(IS0 FF o TR F XA BRI AR (AR PR A SRR . 3R 3-1 B T IX U A

FE R FATER] .
31 viiRBEThEEIR AR
R mEER B/AER FITIER,
Home Ba) AR BAT R mAri | s 2ATH SR | B8l 6As BT I Senu i
End etk EE | BaACEREATMES I | Ba6ER 24T I BE T
PageDown )~ — o] | — 1T ) Ny S
PageUp Ju) b — 01 o] Ff— [N Es DT s
e fo B gl e e 4 e
Delete WEOGER RN | Mty | AR, AR
Backspace
Insert HEAFG AL B -4 A1) FARL
Backspace Rt ANTTIE Gt e i3 MHIBSR S AR AT )14 B S AR AT )15
Space DI G =¥ A N s s
Enter Yebr PR — AT AT PR 4
o R e | e S EBER,
—1l— Y w737 M A kR T 3k 7 M RS B G b R oo
3.2.1 KXarEfI S

FER AN BB TOCAH], N SERCARIE BIE AL E . vi A SCREH AR B ehr 5

A, HaTb a4

ol 2 g R A B AR .

LLF 2% N s ihrfn % -

ANFRE . Rk

0. $ Kt 21T E . 7. [F Home. End 4.

A SR RAT I AR 1 N ETE AT

[n]G FARFE RIS n AT, ARIEE n N BIKRIT,

[7]| N RIEE n H1), KRIGE n RS,

he j. ko 1 Jehrm e, B B A

b. w. e b3 E—ANEs F—ANal e AR,
G &}y JeREBENE. R BE. BRE.



LIS ViXTGEE \GD

FEE: DLk s LAy n i, R ERE A n K. W, 2h A 2 %,
3e MRS 3 ANl i 2.

322 XARWANSHER

1. STARHYEAN

TERIASUR B LT, NAERDUREMEEMANNME b, REPATAGL, o2
MNIIABE . ATl AU, BRI 2y Wb/ INSERT $#é7k, Ron Ja S 4m A E N
SCAFEHAN N R . SN TERUG 1% Ese Bl nl i ] dy 442K

fliAN Unsert) 2 #bEHP AT arS, AILAEHI SO S iiGR A B AT J5. 1T
B TR, BT TATH SRR FE S A ST

a. A TENKALEE. ITREIFERAN.

i I FESCARE AT AT E ATt A . 1 /EH 5 Insert SEAH|A

o. O TEMARFITEATZ )G JObRITTEAT Z AT RHHAT UGN

2. XRHEIMMBR

MBS (delete) SCAS K] ] PR 77 152 K Y hrAs RIS MIBR AL B, SR 544 Delete M FS
AT, Bd% Backspace BB SGHR AT EAT . MR SCAE 2, ATLMERTR
TS0 R 3% (RIS 1 2 2

x. X MHEEGhRAL . JERRAT I 75 - x YEA S Delete # A4 [H .
dd 1 55 S A5 BT AE 94T o
J MBS M ArAT B #A TR, fEMRIATS F—Ar&Eh—17.

d+E LA MIBRMCERAL B 2R e B e Bl N 5. & AT
do. d~ BHERYERRZCHY A, 0 BRMRERAT .

ds MERCRR AT SCA . $IURATR .

dG WER SR AEAT Z e T AT . GANEREE—17.
db B CRRAT I 45 ELRNA 1 b AR

de MR SRR AR I 745 FL B B . e UK R .

dw B G hRAL B 5 B3] T —A1a] )8 & o w AR N —ia]id] 15 .
W P Ean 2 sy n i, RosBBREERY K n £ ., 3dd AMER 3 17,
2de AR MEARTFERIN 2 M1l
32 FAmASMERa-SHAE CREEEA R LE):
B Yestoday is Thursday.

Today is Friday.

Tomorrow is Saturday.

AT 4 dd Yestoday is Thursday.
Tomorrow is Saturday.

BEHHAF: 2w B oww Yestoday is Thursday.
Tomorrow is Saturday.

-



323 XAXKEHSE#R

1. XAREN
LAY (correct) EIRIE 0 UARMNE . B MG EEHE

WIFISCA, SRIGHIAET A, d)a H Ese BEEFHRIHAN . LR LA HIE S dr £

CC
C
c+HE LA

B EOChRITERIAT -

B O bR AL BIAT R SCAS
ORI T VT F N I 3CA . BT A
0. et BEOLERARISCA,

c$ BB FR AT ISR

G BEOChRBTEAT Z IS BT AT .
cb TESOERR AT 715 H 2 &
cw BEOERAL 715 HF A .

cl Ao E 1

e AL ey o i, R BEIEEY K n fhe W See EEUNIERRIT
TEATIFUAI 54T, 3ew ABEAMICARITUAR 3 M1l



B 38 vi XrhfwiEas

2 SRR SHR

Bl (replace) A — B — A, B2 AR, R A
PR FEAAE . FAR (substitute) WEFR 2 AN PR IR —AS A7 ek —17, 22—k
BN EEAN R ERAE . ERA N, BRERSIARKES KA. LR H Sk
&4

r AR E RO AR AL AT

R HEIAMSCA BN MAARLE T AR 11125 745, HEZ T Esc 8.

s FAABSCARBAOEAR L 747, Esc BE WA, 55HT cl.

S HHEIARISCABAOCARITERAT, 1 Esc 84 REA, SE[FH T cc.

e DL S ar sy o i, R el RNEEY K n 5. W1, 4 A HEAT
TR MNOCHRALTFLARI) 4 715, 28 0 AP SCAR B AN OCFRAE T UG T 2 A~ 74
3S b A SCASBEARMOGFR T E AT HAR Y 3 4T

i 3-3 fEok. FSE a4 A

JB LAAT So, Tomorrow is Monday-
PATHR 4 Tt So, tomorrow is Monday.

HH AR 2w So, tomorrow is Monday.
#ATA4. ewTune 1<Esc> So, tomorrow is June 1.

#H AR 2b So, tomorrow is June 1.
HATa-4~. 2smust be<Esc> So, tomorrow must be June 1.
B HAr: 2b S0, tomorrow must be June 1.
#ATH4: e$is a holiday!<Esc> So, tomorrow is a holiday!
#3h H.47: 4bh So, _tomorrow is a holiday!
#ATH4: c*Great!<Esc> Great! tomorrow is a holiday!

PATH4~: SI like holiday.<Esc> I like holiday.

3.2.4 NXAREH. HME5EEF

A SEIL A R RN, vi TR E T LT IR X, Al AR A B IR . & (copy)
PR RN R SOARS B — A3 Ecb s RS0 (paste) FRAT AR BYME AR b i) N 74 N
FICA . dA, A R A IS BT Cour) ERFE, BEMHBR G SCAGFHERE
HH, MR EAAEENER A, ATCAFRRR IS B S A . LR &2 & TR I 4 -
Yy SRR T ELT
yHEMA  SHDuREFR e E N, ERNE
yO. ¢ ek A I A
y$ bR A I SCA
yG BRI EAT Z S5 T AT .
yb SR EAR AL ) A4 H A .
yw SHDEAR A A LA R
p. P %AM&*M%*”E%MH,Whgﬂﬁﬁkﬁﬁﬁﬂffz
Al B ARTERNAT, WX SOARIGAZDE R Z G Z 0T

®



@/ Linux BERGUENM . JRIPSWA (B2 k)
~

R ULy A ariardis n i, FoR BRI IRYa Y K o /5. W, 2yy AR
MICHRFTTEAT FFERTY 2 47, 3yw A M AARIF LG 3 AN .

BbAh, vi S F EARRIG S A . ZERRARE LT, AR R A I A, TR
PRAT B R IERE CHT A, PR B ERT I (A B, TR RUbR A SR B iR
“CRENG” Ay AR,

AT AR PR SEANF I SOA, v I PEAE T —FPFRY Visual (7] AL SCAE R,
LT, AT LU RS sh bk B B SCAS . ik 1R SCAS AT BABRAT A Gy
A, bR, BE ORI, B0 FAMBERIENL Esc B, BOGRIERE. DURRIEFRSC
PN

v PUFR N AR IR PRIE SN AR

V DT AR PEE S AT .

Ctrl+v 7T EEFE LA,

5 3-4 Sl R Sk & AW 3-3 Pios.

ﬂinclude <stdio.h> fiinclude <stdio.h>
int main() include <stdio.h>
#include <stdio h>
printf{"Hello World!\n"); int main()
]
I3

printf("Hello World!\n");
}

[ I S

(a) 5 Ayy, EHITT

(b) i A2p, Hhikh217

#include <stdio.h>
#include <Jdio.h>
#include <stdio.h>
int main()

]
1

printf("Hello World!\n");

-- VISUAL BLOCK --

#include <stdio.h>
#include h>
#include .h>
int main()

]
1

printf("Hello World"\n");

1
¥

-- VISUAL BLOCK --

() FEEhYERT: 3w, $% Ctrl+v FEHE A Visual 24

(d) FEBIIEHT Je, Erpol 42k

#include <<stdio.h>
#include Jh>
#include <.h>
int main()
t

printf("Hello World!'n");
}

#include <<stdio.h=
#include <.h>
#include <.h>
int main()
{
primf("HeIlnIHelln World!'n");
H

(c) i Ad, MBR e rp ) S A

(1) At EHelloF 18, fit AywP, S HIK5M 17

B33 EH. MUEFEREeSRETE




SB35 vi XrhiwiEas

325 WIEEEM

filiF Cundo) BIVHER L —Aar Wiz e, R Bla S HATATHIRE T A (redo)
AR ERPAT B4 o PR E foar & T LR g G, b dirs O
PAR A2 # I3 5 A 4
u  HE B T .
U S SOL R — AT i i e o X TS T 2B UE, Hikiar 4
ALK AT .
HEPITHI— 2o

3.3 igRXTHS

FEAT AT, HAN “7 €7 BT AR (RO ex B30T #RFEEARATIA S,
Bl e 4 AR AT %, AEDRRARTT s SIASERUG T4 Enter BRI Kirdnsd
PATEEAU T IR [l SR, BUR HY vis

AAT 2 FEA LT LK.

o TR RREHHMS,

o JUfHEMESIBH M

o HAlban4,

331 BERS&H®GT

1. FHHENEE

BAE DRI EREADFRTH, U PR RG L. PATEZm G, O
PR B AR 2R — AL R A AT R B B AT AL . 4% n BN WA B — AL AR B2 .
BAGEILE ) FF R, WSEEARAT [ Pattern not found. #2443 LL R FF.

MR NOUFRAE [ R RR SR E BN AT R o % n [0 G 408K,

MR AR TR ShEE AL AR # . 4% N R ATk sEk.

fltn, A7/and Ar2, DCARKE M AT ER RS EE A and 7 4Fa b En
FIN—4and bo HERISCHRE, #HZ o R EIEDCASLAR SRR

2. FRBEER

PR FAE A s (substitute) @4, ‘& HIURER AT € AT R 5T e AL
ML 7458, JERD — D s g e

s i A e

:[nl,n2]s/pl/p2/1g] [e]

Terb n1 F0 2 FoR HARMTIAT SYEE, mTRUH “%” AAERFTa1r: RigEHn,
HARATHE CAR T E R AT - p1 AR R I 75 B8, p2 R IO B i) 7 A A e



@/ L IRERGED . JREPSW (56 2 hik)
~—

Ko BT LA ~ REITE, $ REITE. s ALl ¢ Al ¢ I, g £t
FRATH T VLA ARF R, %A g MU e HbrAr 3 — AN LRSI #4F BR . JEDI ¢
RN ATER R P A .

5 3-5 s AL

:s/the/The/ FLAITPH 1L A the &b The

:s/lis/are/qg B LuiiTrPAA is A are

:s/is a/has a/gc B UFATPER is a ¥ has a, HEariE= A P #iA
:1,6s/IF/if/qg JEF 1~6 AT PRA TF B if B

:%s/7/ /g FEPTFATHIATE R 4 A A

3. 2E®m%

A JRtn4 g (global) [MIIREZTEASCHHIE R 5 A7 58 e A ARV EC 197455 5 1947
STUCHL AT bR ic . g fir 2 IA% a2

glpl  EEITHAE pl TR BT,

glpl  HWEITAGAEE pl AT,

B, -g/and Ay ARG T & AT and 94T, cgVand @y I AN and 11T

vi [UF 2 RKAT 2 R E AT da i dr 2 . g v Al LA X S8 i m 4T (1) i 2 BEA AL
H, erEH 2B Ed 4, AILH e e ENE N HRT. 78 ¢ 2 MEIm T,
TR EAT G 4R i 4l TP R S T 1) A S TR M g R E . ¢ A S HiAh A4
I A FH A o

g/pllars MEIrERE pl MATRATIR MW 4.

glpl/&s XFTAEAEE pl MATHATTREM B4 .

i, p A HIhaE L YR T, g/and/p f AN oA %A and W4T d W41
FEAEMIFETT, -g!/Note/d fix 2 K3 IMER T 1 A7 Note 17,

4. =BEHh

s A e M AT AR B4 . s MYLF S g MG, St E R, 4
WA R Ihhe.

A JRy g i A 10— RS U

g b/ s A

IR S R SEH g AU T R S A AT, JRibRe, R
F s i 2% TG A bR it AT AT R R AT 4

w4 R i & A% 204

:g/pl/s/p2/p3lg AR T EAT pl AT p2 B p3 B

glipl/sip2ip3lg KA ITAANE A pl WATTT ) p2 H p3 .

:g/pl/s/ip2lg P A pl H p2 B3 0X Bog/pl/s/ip2/g & glpl/sipl/p2lg
WS, M, 3s S REREAS g i 1ER®EUH IR
AT LA s IR R, ER: A/ B A R .

5 3-6 4 Jmy i A (1 FH VA



BIB VXTGEE G

———
:g/the/s//The/ KPP A TR % 1 A the & # The
:g/is/s//are/qg PP A is H are
:g/Mary/s/1988//q ¥ A 4R Mary R9AT P 8 ET A 1988 £4%
:g/printf/s/val/sum/gc HFrA4SA printf 6947 PHFTA val B sum, 47 EFHIA
:g!/*/s/IF/if/qg BHAR QST PR IF A 1f 4K

332 XHRMESRHGS

SR A IR TSRS SO R E . O R A S ) N A T A AR SR X
W, SO GRS v X I A RO R SR . TEIRH vi B, ) DU PR AR R A7 S
o LLUF &5 IR A S 2

WS BRI SO B ARRE SIS N S8 A

q RETA A, ARAFAF, BRI

q! BeL T 5, AMRAaFCH, JBH.

wq. xR R

e! OB Gl X R R SO JEAF

e U TR E I S, AR .

r X BATRER S, BN ERARD R E .

333 HfgHG<

1. {TREMS

ITgmiE A X AT T 9l . 7Ef e e, arBUA “” AR Y EIAT,
Ho“s” MR a—1r, H “%” AREIH1T. SHBATHEm2 T

n Bk n T,

nln2con3  FEE nl A n2 AT Z MM AR TIEE n3 4T R

nln2mn3  BE nl £ a2 TN EREERE 317 .

nln2d Y28 nl 2 n2 4722 (R N 2R IR o

P TR AT N

2. 4T Shell %

F vi G B SCAFIRE, AT RAAEANIR Y vi B9 00 R PUAT Shell A4 o AT A2 W11H] vi 710
HlL, FrirSHATHRIEIRE] vi 8492217 14T Shell iy 2 1A% 2 :

dcommand AT Shell 4, command N 54T .

3. ®%E vi ik

vi e A e R g s, H P T LUl el R vi ISR E vi [ LA
FAT A, AE SR e k. WO vi I ke — 2 H ] set v 4. s HIMIE
TG4 R

:set all BRI R

:set aiy setmoai ¥ B Hah4Eilk.

:set nu. :set nonu WiE. HUNITS Eas.



@/ Linux JBIERGEEN, [RIPSMA (56 2 k)

‘help o vi BT .
] e

3-1 vi G 0 TTAE Jy AU REE 2 A L T ey S e ?

3-2 flvi --help fir 2 & F W] vi $19F 30, JRROGERERAES 10 17 L.

3-3 fitRE Ik vi i A IhRE:
206G 18] dM x cw 10cc 3tk 55 7S /this :g/int/

34 SO ARG ITAT A R st ﬁﬂﬁﬁ%‘”’—ﬁ‘% str2 T, WAL Aadr &2 R
FATHME A strl, NAEFAmd

3-5 e vi P HIAT SO HRG R S — Uﬁﬁﬁﬂ‘{f\ﬁ’ﬁé\?

3-6  WHATAE vi P R AR IRAT S ?

3-7 PN AT SCA T ERL B 2 ? b B R AE?

3-8 WG — A SCAFIME TR 2 JHeT K 4 4 3 (0 SCAR A AN [R) (R0 ST A 44 O ?



Linux C iz &4l

C W5 A2 Linux REMARAERFEE S, 40K Z2 2 Linux [ RGHEF4#E M CHEFIT
Kir. K, 47 Linux FF AT EESR C WMiEHiRe. AT FENMAF Linux RE
AT C FRF AR AR AN, A C iR isEAT L, IR T A, AR CIES
S FEAEAN AN . 7 9% Linux JFARHEL A B TR ARG S E M3 B.

4.1 Linux C %1% /&84

HR—A C NHRFHERL W, wmE. Wik, 2752408 BRI E
IEEr, SCLIX SR T EAT AN . 5 Windows FREE A R UTT RIALEA A, Linux
(1) £ R IABE R H— AN T H MR THAE, 8T HAF eI e i T
fE. Bk, MF Linux C FRF 1T A B 507 22 T X £ 1T AT T 7 k.

7t Linux R4 AT CRIPFFRIIEA G T HUT .

1. 4wigIREAES

#F Linux R4, AT —3 A 488 & T LR Gn S F2 RS, It bl vi 1
emacs BN, BRT —MRgniEIhiEsh, XBEEEAE A A e zhte, aTLUR
5 EHEAT ] UG S R S Pl R S5, R 2 AP g2 . CF i
WA ILEE 3 55, pbAh, BUBEFmRgRGEe: (I gedit %) [NE-Ffi H £ 20402 & 14
ik

2. HRIFATHITIKES

Y PEes H TR RS R B o H AR RS B nT AT . Linux R4 2RI
(1) C Gisds st geco KT gee MISMAH ML 4.2 75,

¥ RA BRI H R B, B FRRFEERS, PR goe AR
AT A FEATT T o R 5 A ) T HORAH MG Btk . Linux 240 L BRIA M 1A i
Tt make. 5T make [F1/47 W% B.2 5.

3. AR

Al PATACS R T REAF AEIZ AT Cruntime) $5R. AR AVE SO 1T AR L FERR A
TR (debug). B AT B2 7R AR IS 7 B A fprintf) R 2L, HHA2)F
(N AEATAE B RE 73 X e EACHI T HH B A B AR . B A (8 R A 30 T B
AR TR R4 B R . Linux R4 LA M IIAEEE gdb. ST gdb 43 WL %
B3 .



Linux JBIERGEEN, RIPSMWA (56 2 k)

4. BITIEERF
Linux F408 H 0 PATREY 5 R4 A 1y 4 —FF
AL H AL B AT REANE] . RGUdr 2 4 WY 1l AT S T R

Ffs, e X AT BT
é}cTJ(wE’H‘T#BEEﬁ&T Gk

fust/bin. /bin 25, 1A H OGS BRI LA ARy . Shell FEFRAT— N4

F, S S A I AR N A AT S, AT

BEA R R4, )

BT RECPRAERR TR T &4k, B, $UT DRI AT LA ER 2, AT
H C9 5 R ET, WS ICRAT N Fhede Hokrb, WG S8R S . B, 2
AT 407 H % I — AT 304 myprog, 21TV & /myprog. #5724 ME T BRI ATEAL/,

ARG R A BT PAT SCAF 5
5. FKE
X g e (14 AT R A 9 B (0 TR AR 8 A IR T A0

man, ‘&0 LR C 1B ST

ZHFN, MARR bR A ST BT 4 I 4.3 75

4.2 gee IFEM

gee & Linux R4 11 C Ziifds. & Noe ik,

7545 ANSI C/C+PrifEf %

FEGFERSE, |2 MHTE UNIX/Linux V-6 L. 5HARG T RMLL, gee FPERERI

oy U, g it 1 H AU B AT AR S s 8eR. A
RERF

421 gcc H/EFLRE

M4 gee R4 I SR BURTRE A

A TR SRR AR B A T AT A o gee S I AL 729 4 M BUIEAT

CFETALPE . gt {ComAE:, WE 41 fos.

I | woEess [ )

CUEfeRY \ o | B \
Ca ey TR T H R a[ TS

(e~ .h) : () } (s) ' (:0)

Tﬁ&tiﬁ 15

l_
gcc F (gcc) (35}
El 41 CEFMRIFIE

A b gmitid #En L - Wl LU BadkdT. Ry
PR TR S M A G R R
1. fnibig

i
1

i A] LAl gcc (iR DRV W

AR S A ST BETE £, fi#include. #define %5, FiAb#! (preprocessing)

(AT 55 i A AT AN AL BEYS AL TR ) AR BT A, AT 0 SR

Pk O SRS TR S VIS



BAg Linux Cggiestil

PET A FOOALEE )5 A JE 45 T-URACHS SO Co SO R SO/, Fitkh B 45 5 A il — A
Ja8 R a7 AN AT TAR B A (R AC SCF . FEBTRIC gee b, X TAEH gee
56

Gt & T E T iR goe YT include FALER TR A ALRE T 30, i gee AEHE IEAfHLEE 33k
S LR . C B ST FAL SR B 2, —Fi RGEbrHEL SCE, R
i 5k, W#include <***h>; RO FE RS SOHE, A S 46,
#include "***h". WE X HTET gee RSk CAFIMERIANER IR AN A] o X) Fhnifisk S
1, gee FGAE R BRI L SO H 3% G L /usr/include) 3% 55 6FF 11 B @ Lk
S, gee FFSETEMA RN .c WCARITER) Hach 8-, WABAT, M3 RSNk
AP T WER PR S SOBAE B R AR 2 AN AR H sk, i E e b
Al Sk SRR T 7 gee SISk ORI 2R R 12

2. ®wiFSiLHE

45i%¥ (compilation) 1) TAE &0 FAL £ )5 (U ACAS AT IR AIE A 20 b, ARk H A
R gt e, JEda R “s7 X TAEH gee 8. 4% (assembly) [ T
g T A, B H PR RS SC, JE4E4h “ o7 X0 TAEH gee A 4
75 as 5E .

TEERNE DL T, goe L4 MEUEARES b 1Ko T BB PR A e H AR AR . B2 e, 4
BEJa B AT e B AU sE Al TR, B g AR AL B . X F H FR U 5 11K,
ELGm ey ) el o 7 B A T R AN T PR ) HARARAS,  a] LAFE G 3 A5 ARG AR
IR T, T R RO, AT LUKIR R i T, i/ MRS RN . A,
ACHS LA A LIS AL 1) S U3 P R0 G R I 1] A A 1 I DASEE 3 DL 2 e 2 7= i

Fhh, A7 EAT K T RO A B AR AT I, S EE AR g B I I N A
FEoR gee fEAR RS HO M AN BLA MM I AAS B o

3. EiE

RIS ZHLEE S ACS, (HEAZ AT HATIRRS, B FEES A%
e W, BB N AN HAR X 54h, B eE g L E R, S H
PR TIAE RS EM Hok T o XL HARBIRZ AAFTEE KRG I FHOC R, Ml rids
JaA AT LATAE. %4 (linking) WAT UM HAr A0S 14851 H, B 24 H AR
TS EFE N A AT AT SO AT AT SO & oSO AT DA BAZI2 AT I FR R, W1ls) Windows
AL exe XM BN AT LA L aoute AREA TREGTA, T ML AL
Arh i IR T TR E T . 5 Windows RGEAA], Linux AR E o] $UAT 30441
JE4i4s, WE RN

R TAEH gee P HHERAS 1d 50 EEALIT 1d fEUHTIERIN, 78 RGBT R %L
PEH % (/liby fust/lib) H ST 7 I ZE S . an ST R HoAth H s R 2
A, W EAE gee ap AT AIER IR IS 2 1d BRI H sk £ Tk

RAEA C R, 1d #3 A B IIEL C brrEE libe, &5 T ANSI C e IR fibs
#E C B, wiRRE PP B FHARE, mECEE. BIBE. &EE. ERTFES, HE
FH R eI I A R 1d In#iZ )

D
T ——



Linux JBERGEEN, RIPSMA (56 2 k)

C HREVES WEEE JE%AHR “a”) FHILERE U840 “so™) Pift, WHEH
s C FERR N H MU IR, TEERINPOEA BT PAT S B IXRITE T, 2
FERF SR PEERRIN, P FERe b FH 2010 28 R 20 H PR AR A 52 T 21 e 28 (1 mT AT SC
fEebs AR S LR RN, AT AT SO SRR o B iR i 5 R, T
AL RRE H AR, XL E HARUIS A TEA R E TR A oA W AE, JF
BT 2 MRSt R, I R AT AT SO B, 1A B 2 T TN A
Al BTSRRI A, FEM BRI AN OL T, 1d R i 3L Rt Ay
. WIRTE ZAL TSI, e AT T ERR P IR IHR E «

422 gcc e

gee iy 2 [ As U
gcc [#A] LMAFI K

gee A H B C BEPgRiEm e . XHAIRSEFR T T gee WAL, &
T E ] gee AT Ao goe AR L0 A 5 18 A A\ ST 2 036 A B =2 %t SO A

gee MIETFER %, X HL 21— 05 F A, eI REAT Loy A BT LK.

1. IR HELR

IR I T3] goe BI9miEIlFE . JoL PR HIIE TR, goc 45 BRI AT 4240

gni il RE, PR HATAY . R R I I R

-E o TIAREE, pAETIAR BERL IEACES, AR

S FHAREE+GR I, AT G U, AN G

¢ THALFE+SRVEHIL G, oA H RS, ANEE.

2. iR

IR IR TR gee BOHTHAFIE S, R R4 HY T

-0 filename  F8 R SCAFIISCAE 4 0 filenameo TG BEIEIT A FH BRI SO 44 -
F AT B 2 B IERIA U 4 . AT BT SO ERIN A A aout, 1Lt
B B P BR TN B HH ST 44 2 el i N SCAE 4 S8 A N 1) 5 844 TS 15 311
WA A foo.c, WI-E 1 #2450 HH I ERIN SR 4 0 foods -S 1b A4
BR800 foo.s, -c I FEfTH RN LA 44 4 foo.o.

-Wall WoRATE ESE R, AR RS REOAS S .

3. KR

53 SO AR R R I T

Idirname ¥4 dirname HsINIAZISSCHAE R HagBZEd . 9 gee /EERIAIERTE
A R BELSCER, BB EDIFS € 1 H R 24K

4. FEEEIXIN

GSIEREA G IEDTW T

Ldirname ¥4 dirname H 3 IMABNE AR R H % 7EK$.

-lname INZk4 H libname.a 5% libname.so [MERELZE. i, -lm ForiEEaN



$BaAsE  Linux CIRfeRnt

libm_so [ %027 pR 81 %
_static EH&ESE. FR: EdSird, A NEUY EEL T8 FZ T
Hbr 32 )5 -

5. REBMILIETR
gee P T JURAN RSO ARSI 5%, 2002 04 1, 2, 3 fils 2, HI-Olevel ik
K R BRUZE 02, BUANHEATOL L. SR pbae It an T

O AU T EEARAL (1 itifb) . TERZBEAGIT, KPS P AT
Bk,

02 AMRASHHTIR BERAL, PR AT R/ N4 . IXE GNU KA AR ER A
AL . R K, AU 02 LL R Atk .

-Os AR/ M AT AT SO, & A TR A

6. VEIKIEIR

gee CRFECPP IR, R MR

g PEAERERE gdb PIRBHAEH R R . -g ATLLA-O. -02 JEH], LMI7E 5%
P RAT GEARE (1 0T R AR D

pg EFEFHIIANESNAARHD, ST = AR A RE 0B T gprof 44 FH 19T (5 &
DARE T R e T FER A 00 o

423 gcc NAEH

LLFH LA ) “say hello” F2 2R ] gee (7%
B 4-1 g fa] 119 hellol F5/7:

5 1s
hello.c
$ cat hello.c #IRSCAF
#include <stdio.h>
int main ()
{ printf("Hello world!\n");

}
$ geec -o hellol hello.c temiF, AR T AT hellol
S 1s
hellol hello.c
$ ./hellol #iBAT
Hello world!

s

e, gec (%A SCAE RIS hello.c, #E1i-0 hellol $55€ T % i SCLF I 44 75K
5 4-2 A7 2 AU SCPERT A € SCK ORI hello2 27
S 1s

hello.c print.c print.h
$ cat print.h #print.h kT4

D



e, SRR N 3 e BN TERINIE S, FREEATTR H AR IE
Bk, X 3/~ gee A A LLA I — A4, B gec -0 hello2 hello.c print.c. fF#H:4]
(PR iER FE (A 3 4~ gee d4) 1, hello.c 3RS printh SCAFARTE 4T H b, B4R
ATIEWG; ¥ printh KRR T HakP e, gee ar S EHRA RS SCF R e . A8 A1-1 &0
Fe XM H 5, gee 15 LAIERIE T 4015 -



BAE L C oL %

51 4-3 Al 2 € BRI hello3 FEJ¥:

cherry@fedora:~/cpreg/hello3
REE) BEV B3 T et

Hello world!|}

4-2  hello3 TRRIRE R

B AET] T curses FREUE (75 Z%% ncurses-devel FAF4, A &6H 11.7.3
T, AT A SR A . 7E5 14 gee 4, EEA 1d H
Jei5 AR E] curses ERELT) H ARSI ET o A -lcurses XEIH )5, 1d 4K libeurses.so A
RN



Linux JBIERGEEN . RIPSMWA (56 2 k)

43 B ¥l F M

AL T (manuaD) J2& Linux REERARAEBRA LA A RS, #4~ Shell A2+ REEIHH
C bl R EL . ICE SO S5 #S AT A N T 0T (manual page) . 208 T 01 T H /& man
%o 2.2.4 T4 T Al man 74 & #) Linux 20 TG 7745, AREE 20 ]
MIEHLT M b SR g 2 A AR SR

LT MHZN A A 9 19 (section)s BTN N —FrRM T M, JLp3s 1 972
Linux &M, ¥ 74 Linux v % 2. 3 1 Linux B 0FM, 23087
ARG R C FERAEU T WL . XS T T T I R C FEF BT s e . e
SEREI TR, N A R R AT ) T

man 77 2 4% 22

man [ ] %Ak

LROEE AW R, Efe e g BN T, man @447
MNTT I Je W7 B R AP T, I W8 — AN 5 AR UL G T ol 7 S A e 2 1
T ZE A AL ORTR 2 o W R 5T LR JLA:
ifp] FRELESR i AR ARG ML, 2 ARG, 3 4 C R E.p %< POSIX
TNE, Bl: 1p 24 POSIX x4, 3p A POSIX FEi L.

k AEERARRE AR, Bl A VLA A T AT R R . sl
AN i 2 SR BN e R AL T, R

- AT S AT T M. W R TR AR X, FbiE .

5 4-4 % man 7y 2 A WECHL T

$ man exit ¥ BEmexit 4 FMA, FB T man 1 exit
$ man 2 exit ¥ RFexit() R AANTHR
$ man 3 exit $+ Brexit () RIeFMHR
$ man -k exit $ RFIHLHPAER exit 9 FMTALHLH
Exit (2) - terminate the calling process

_Exit (3p) - terminate a process
$ man -f exit ¥ BT A LAY exit 09F M T AL HLIA
exit (3p) - terminate a process

exit (1) — bash built-in commands, see bash(l)
exit (1p) - cause the shell to exit
$_

2] i

4-1  gee [ IELLFE 7 Wb JLANBT BL? 5B BUi 3 2 TAR 24T 42
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4.3

BAS  Linux Cggiesiib \@

W AT S myprog.c Fl misc.c, misc.c HIF T H27 i —Le i 4

(1) &5 H M U8 SO 1 e 3 AR W T A T A prog 4.

(2) éﬁn_hf{%ﬂﬁ/\{]ﬁiﬁ 73 il 448 A2 B H ARSI myprog.o #1 misc.o [T 4.

(3) Zr KA H BRSO IEERAE BT $4T S prog I i 4

Bt 4-3 hFEF hello3.c, ZHRMAR CF I Won @M . FHEZ. JiH.
T $eok: curses BN T 1] attron() A attroff() e £ T] 11 B AU TR 2 1)1
T eoREME, & man ML (man curs attr) 2= H curs attr pREURIIATC
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=2
Fi
I
i

HZIERFRGT, HANEEZSNMEREZIT. ST EREMRE, BT
CPU, bz [a)AH T2y AR, RIS 2447 et . BEFEAE A T 20 A FE 11
PATIERE M 5 INIOBES, AR B X O R AR s T I A2 R B2, a2 Xt CPU 11
EH,

WEFRE PEIY Th e S R R R T A R 0GB, e i1 BC R CPU, hiiilife
RSZ AT A o SRR B ) A2 Sk R B M R 7 CPU (R4 BRAE J) , 4R s ERRIRIB AT 20

5.1 it 2

BRI RN OIS, ERRHAREF AT, 2R BALSRAE
ARGl 1RAE RGN IARTTAT WA A B SRR EIT Y. I, IEAf MR RA
PLUERE AL IR A AR 40 i B BEAl A DGR

511 BENIIFATSHERST

1. BREHIRRAIT

SRR A R LR AKFAIT I, AR SRR 2 LR HATIT Y, SORA
TR A7 SO o I A AR T R IR R84 7 2L

PR SAT FLAT L A4S A

(1) WU . CPU T M E IR IUE IR IAT, (04— MR, ANk
MEARETFAAIIT . AR SIEATIS, (0 — AP AT £ UR 53— MRLT A
T

(2) BItE. BRI IET, MRS MG AR, LA
FEA S A TR AT AR L, IR AT L PRS2 S A B, 4 B
WFRFA Y.

(3) AIFEBE. BT IS ST IO FAGEREE X, 45 BRI TR, B
T ol TS T 26T 4 2 1 5 L 0450

RIBR, FTRIFI0OS R, BT, PR FAEE I
DURLA, HRLEABFITERIE. DOS FUFHIR ST 7 KA

2. EFHHERT

MR SRS R LR RGENRE, 12 RS R R



€./ Liux BERGHM, BIPSNE (352 K)

GEEARRE . T FRNA 2 MEFERSTIET, HFRERERB AR, &%
MR KK

FRFP IO R PAT R FR 47 TR SR B RN 2 47 . eI AT e 7] L & 11
FRFP 3 AT A LA R 0

(1) (Al JFRFEF 2 R FE AR A B2, SERE ST LR W . 4l
Wi, 7E8 CPU MRSGH, 2P HEERW G CPUIEAT, AR31F CPU MIFR/F b4
T

(2) WAEANE. M2 NP ILERG RN, — AP AT 52 AR (520,
BT Mg AR A S, B, —ANFRFRI7E R ZIAT — A E,
AR AT e ZE AR 2 BRI & AT $R1F CPU, Bl sk TGV 56 34

(3) AFTHIPE. BFERAT FEAM, FRRF AT 85 S AT IR RL L AT
R G, R A .

ATLAE W, FHERPATEER BAR AT LI & R4 IR R s ki, (HFEFIAT h
PP FNAGE o XATRETHE AR, F A A b &t SR 2 i 7R iR

3. FERITREBE IR

FEFAE - RAATI 2 S BT 45 ROAS AT B, XS 2T 2R 48 AUk D 1) i)
e FATH R TR U IR R BT LR XS AT S5 R W, AT TR A )
JE Ao

WA 2 AR b T A S ok R SN A . FSWER S — AN s
C idk. EMANFERPITER A, EWHPERPATIEFE B, e R R — v 5
C. 7 A FIFLY B 14 F B & 5-1 fiok.

Program A: Program B:

{ {
read C into N; read C into M;
N=N-1: C M=M+1:
output N to C; output M to C;

} }

Bl 5-1 AAEFFEIZT, HiEitaEs C

FOH RS C AR N IHLESE 514 3 MR BN C BonhiEdE s — N4
e, B EaRNEE, REEILSE C oo,

T 45 N I R B, FERE A 5F2F B 47 IR gl A e . 24
N RN AE I, A M RRIFER SRR I RIETT . A% E T — I a C v s 1M
NARFEAAR . (HZh Ha] fEAN 2 dt .

TR PIANFEFEE AT I 5-2 (a) iR, BI—NFEERt C BT 38 81 2 10
F— AP E R S5 A TR, W C #ERH R T AR AR s
AT A 5-2 (b) FroRgfliudifr, B MRFIEEE C, BEHHRIFE AR SER,
CPU K4 7 UM, J— MRV EIZAT, FF HABXS C 47 BRr. AEIX PP AL T2 5L



$oE RER  \ D
Tt

S
=
%
AE

ioiE] TO Tl T2 T3 T4 T5
FEFA C—N N-1 N—C
RFB C—M | M+l M—C
CiE 100 100 99 99 99 100

(a) FASFRIPMIA S U [RIC, ST 1A

It [ TO Tl T2 T3 T4 Ts
A C—N N-1 | N—=C
FREEB C—M | Mil M—C
CHIH 100 100 100 100 99 101

(b) PR 22 XU [RIC, BEfTRA IR
B 52 FAREFONMITHEFERZENITER

ATLAE L B C DR I 2 A RE e A SCHL AT T R C [ERAE . Bidhith
B, B AFERFAE T ) S BN R AR A AT I 2 A AR B R AR

512 #HEMERS

HEFE RS i AR 20 THAE 60 AEACH I, BHINHRAE RGEHE N 21888 P i o I
LR R W M T RGN, (U RN AR T S AR R I 5 A E .
AT HEAFHLET Y. ORI AR NPT IS RE, RIERGYIN T RS . R
R 1 B A FR G0 IR AT A7 Mok T R S

1. #12

HEFE (process) J&— MR FEARATIIFRIFAE — NN E LI — s r. s,
RS R — RIS T A2 .

HEFE SRR A RS R AN B SCIBE SUAH T Xl o AR AR R I — AN 7, SRR
PATICA, AR P I PAT IR . PR IR n] ALERG R fas 5 I IOC &R TR
SETPAI, WIS . HEEEER, —HHEERE R R TRl R —X
“IBAT7. MR , RBIPETREINIE S, FTLUK AR MR Sha i FE 5
i, B4 KERTE K.

A, HRSERZ BEALE - NI R, RMAELL T

(1) —ANEERE o] LU AT ZAFEF,  WF-—37 52 o] DUE SR SR —Hf .

(2) —REFATLON N Z AN BERE, gy AR T LR £ 5% FF . BRRPHE
UABATIRAS N T — AR RS . S0, — MR i ] CAJe] B0 2 AN 1ERE . 45
MAGE TR A vi B, (e U2 AP RN AT, gfis 3 rscft. sNH2
(G it FE A A — AN R IR R

2. FHIZROERY

R SR ANE 2RI — SR . R EEMRE, &



Linux JBERGEEN ., RIPSMWA (56 2 k)

SEN T AR I REANE BT R AT U JUAN e A L -

(D) ghaste, dEREd “GUg” mA, b 8l msTs, WO s,
CEELET MU, BERE MBI B R A RERR O REAR ) A i B 3

(2) Fhtko EF—IEBNAT ZANBREAER G TGS CATEM ER AR KIBTT,
MO L R AEAZIBAT

(3) ANTAE. BERERE AT LASISTIZAT IR AT, R4 AR AR G000 O Dt SR 52 B
HAX G Nk, SRR AT H Bl S BRI, Mo AT CPUIEAT .

(4) FpUPke AR HEREAARST AT, 2% B F AN T TR (0 L i i HERE . HEFEZ
A1 W2 AT R E R ST Te.

3. HEMERRT

FEZERGT, RPN ERLELE T CPU A, K e 175 24t 5 H CPU.
VA0,V o S = i i i N B I T 8 R R 0.V WP e 37 5 ¥ { BV B R e ol e B
JREEABAT IR . O T 20— HEREAE AN I W Bl 24T A, AR AS R

AT 3 NIEATIR

(D) ghgis. HERCLNMIE] T R CPU ZAMUFTAT B, 1K RIRERRIRESHR A w44
Wi T aldAMERE, — B3R CPU @R ALAIAT . R THIEN 212U T
MER, ENHERE— AL

(2) izfrd. HRECLHRN CPU, IEAEETr, XN WHEFRRET N Er&. /R
CPU R, (R ZI NG —MERLETIEITE.

(3) SEfs. SERERICR R URANREM L, BRA B I S i AR A A M A4 T I

=

WREALTERS. REPHEXAESNERLTERS, ENHEEFNEF2,
e AR AT

4. BERRRTSRYEE IR
WML Z A TR, TESLG I AAF 0] A AT A\ — SRS e 20 51— MR
&, WIEFEIEITELSR. B 5-3 P — MERERE A .

Ao )4 B L

Bl 5-3 #IERIRTSERRE

AR AFAR A S5 R U F -

o BATEERE: IEAERITIVEERE U SRR CTA AT T & B, R
HUE SRS, i DEES AP R AR A ], Wz R Ac . CPU, HEASE
FRRE .

o HRE-MEE: A TERRIGEIIEERE, SIS 2L, RS
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KR e, RS RS,

BT R A IETEPATINER R A ¢ 1, BOE AT B Pl e g it RE 21
K REEIHZERNIZTT, RIS S, R5 R bERZET.

o A IBITA: AT AR, AR E TS, BIEEA CPU
BT, WHZARERPRE R NBITE.

51.3 HEEHIR

HEFE tHAR e o AR R 3 AN IEACHE - AL Ak . A2 R AR AT I Al AT AR,
B A2 BERE T A BE N B, BERESE B 0 A8 R R B 5 R B AT TN AT
HHNHLSHEEPAT SRR AN R . RN ZI R APAT R GRS, 2L
PERIHERD) RN BERES (process image). BEFEMUG A] UG EHEFEIRIAS, e T
HEPEAESE BRI A o BER AR RS R R 2 . R AN aE R A ME— 1. B
AP RERE AT A (A — %, ST MEE & B R, BRI AN R 22

HEFEFEHIHL (Process Control Block, PCB) & 45 BELUEFE i v B 10— N A 4544,
AT ARG E . At — R, RGNEAR PCB; HRETEAUG, HH
‘B[ PCB. ik, PCB 2&ilFLM{REE, PCB {7 /EMHEFL A7 4E, PCB 1§ J U HEFE th i 45
W EEREAAE A, RSt PCB SRRAINFE, 1A e iEahiGod, Jmk e ik
FESC IR AL . Bk, PCB @#fE R i E N ER &z

PCB ik ARG R, FEURELLT 4 AN 2.

(1) HREHRER .

BERERA (S BT il — St BRI BRSO AE, 5k R A8 K R 5%
XA BAT AR ERE 1 AR AR, AR e i A R 5 T A R 2 ) (7
KHRo

RGN T —ME— S E D BERE AR RS PID, X2 IRYE
o ARGl PID kAR RSN EEFE.

(2) dEREE S RS B

AR IBAT T 2t ARGl AT R . BEARE Il sk 7 3R SRS
LN O TR I S W 8 e ey S N M b Sl R e I KSR ) - 3

(3) BEWMEE.

BRI AT R E S ] S RGP, D B AR BERR A ks (] 7 ) S
PRIV 2% LB B 5 55 o BER S R EC R ISR AR AT o R GORE I B2 HERE 1)
IS SR TERERE (Y PCB e WX A5 B, BEFREAE Al LAUT 0] 43 B0 3 0 2 g Ui

(4) IInfsE R

UEFEII7 R R HEFE IR 3 (process context), {045 CPU [ & AN F 25 10MH . ix48
{HZE TR ITIRASTIES . B CPU [t FE MR fAiF X B 745 B, LUMEAE T
DA BER 4R BB AT . MR EHHEIEAT, REGHEM PCB ML E B E
CPU M7y, Iz B, BEFESUAT DO EOGEAT (W s b gk S AT T 5 T -

D
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51.4 Linux R&EH e

7E Linux R4, AFBFRONES (ask), P& RS L —2UH.
1. Linux #2897
Linux REMUIFEA 5 FEEACRE, BIRTHATE G178 EEa ) I R |
AATrh RS . B SAE S WS HREWE 5-4 PR,
HiEES B

—F 422

WERES P EIZAT

[E/ 237 ¢ —

HEesE
54 Linux REGRVIZRSEMHRE

Linux SEFE R SEACR S & L.

(1) AT (runnable): FIPATAMS FIRER 2 Mk g iAok AL b
F Al PATE SR C AT 4. ENSUETEET, SUE&IETT.

(2) MEARZA (sleeping): ENZERZAS. BCRFBERE F7E S5 AN S o N2 . B
A NXAN5r ka] ) (interruptable) FIANATHHETY) (uninterruptable) P9FF. EATTH X 5]
751, TEEIRFET, W TAr P WeRE RS 20T, Tl BeRES e
W RCRN S5 Sl e B Tk A AT HAT A, FRARBRSEAS 5 5 PR AR A .

(3) #{5% (stopped 5K traced): 4bTEEAENIIFE L HIZIT B MR, SRk
FREFPRACEL . A FRICE — DA S i AT 5 s, SR B 1B AT I 5 .

(4) fHALE (zombie): HEFEIZATSSARELAIFL R R4 2% LI, R BER PCB 4k
AT P . IXF 54 PCB H O LikE T it s b T+EE .

2. Linux HiZ AR T2

Linux JEFEFPRASHEHSFE T

BrOE R AT AT R A, SRR AT .

W AT PATE R REE S MIZ T A M. SR — BRI
H, BEENISATIRAR . SRR R ) e R B A S S R R LA T, R SRR
EREHTERE R Y CPU 1217, 4t N IR A Y CPU, $ A4 &5 R N —IkIN
T AT R RIS T S 5SS 2 AR sk b, aTigke S 4. FHit,
XUEEE (RGESHFYD SRut, LR RN A — X R AT HATE A AR X

BT MEIRSRMSESIERH N0l A TEITAMRERE, A R Hohh 7
WA R R A, XN CIVE A CPU 4k4:a1T, T2 EiB i CPU, #4 AMEIRA .
MR ER SRS, MR, AR E.

BITE HESHMESBMR—A R 94 FETE NSRRI S PATE




55 s

S, EHURSE CPU, HEANEIEE. A FMNERARERITE S, B ARES,

T BT A NIRRT 8 WGl MRS . RS (RIGIE LR (M RERE ) X3
BEAT AN AL WO E 1 PCB. eI, XA ER T e, MESEE AR
Mk

3. Linux By#HFERIATT

Linux R4t/ task_struct Z5 A0SR BERR 1905 B, FROWREFERIA ST, 1 s A2 30 5 i ade
(1) PCB. R REIE—FUERE, Ma e @ r— task_struct &5, FFHIAUEREM
PG R . task_struct T FEIRE, FEMAFFLUT A

o UFFARIRT (pid): FRIRZUEFEN — M55

o HEXR (wd. gid): FHFEME EREAIARH S .

o FJKEKFH (parent. children. sibling): JCIEACHEFE. -HEFE A Ot op EAR (1) B2

frtt.

o HERCARFE (tasks. run list): KFuERRHE ABERRHER AT HATEAS FRES .

o RS Cstate): UEREYSHTIRPIRAS.

o JEfGE (policy, prio, time_ slice): i F& i Al (1)U B S . LAy w) )55 .

e OB (start time. utime. stime): HEFEHE LIRS ] DL AT AUS S R4

AR ETIIR=Sa g8

o [i'5fi C(signal. sighand): FEFEUCEITIAS T BLAAT A BO45 5 db 3Rs >

o GEHIY (exit code): BEFEIZATEIHUG IR HARHS, (LA AEWH.

o WHRGER (s, files): QIFILIFERS AT CAFIE B

o HuhEAEEME R (mm): JEFEAL A R hEARE] .

o fEFIILE R (thread): BEFED)INARAE K] CPU 2747 2510 N 25

e JZ4T{5E (thread info): ICHFRIZATHEL. ARHLAT CPU AHKAS R

4. EHRHENER

ARG B2 2 ps (process status) fif%r. %2 Al &G0 KRR LT
task_struct 1 JL T I 15 B .

ps %

[Thie]l &EEFRMER.

(%3] ps [2670]

(%D )

-e ToRPTAA R

-t ity Songim ty FIRHERE .

£ DRt v W T AT

-0 LU SO e 7R
BN Yo LK T AR .
AT ) F P i 8 R
Wb s AT AN 2 s ()RR o

D
——



@/ Linux BERGENM . JRIEPSA (B2 k)
~

-Ccemd Honte®% R emd [FHEFE.,

n Wox PID 4 n [WIERE .

QD

(1) BRA R BoRfEAR Ly LT, FRAEFRC T-ev av x FIET.
(2) WA E Wk A, RALLFERARE S, 7 4 SR
PID TTY TIME CMD

B P B R

PID BEFEFR S o

TTY  OERERTNIG &0, “07 FRomiZl b REAs & H i o
TIME  ZEFEETHER CPU I .

CMD  HFEHITI @2 % .

(3) Fee-fiEminy, LAAA%s) 8 41 Eok:

UID PID PPID C STIME TTY TIME CMD

BF B R

UID BFEIE B AR S

PPID  ACHEFRIIAR IR .

C BEFE BT A 1K) CPU B [H]

STIME  #EFE T 4RI 1] .

AR L.

(4) F55E w LT, U A% 00 11 31 8ok

USER PID %CPU %MEM VSZ RSS TTY STAT START TIME COMMAND

S B SR
USER ] UID.
%CPU ARG CPU [ ] 5 EFE SIS AT I TR 22 LE
%MEM BERE S N S BN Z L
VSZ UEFE LN AFIR R, BLKB 4 HA .
RSS AT SRR WAEIT R/, BLKB A,
STAT R AAPRES, HFREROR. & T
R AT
S Tl TR A
D Asa] bR A
T B
Z fEE.
START [7] STIME.

COMMAND [f] CMD.
SR



BoE MRS\

5 5-1  ps mr & R

$ ps #VABRIAAE R B A By A2 a943 B
PID TTY TIME CMD

9805 pts/0 00:00:00 Dbash

9835 pts/0 00:00:00 ps

$ ps -ef #A2R X B7 LA RGP AT A AR

UID PID PPID C STIME TTY TIME CMD

root 1 0 0 11:26 *? 00:00:03 /usr/lib/systemd/system —-
switched-root --system —-deserialize 23

root 2 0 0 11:26 2 00:00:00 [kthreadd]

root 4 2 0 11:26 2 00:00:00 [kworker/0:0H]

$ ps aux AR PR TS AL PRGN L

USER PID $CPU $MEM VS7Z RSS TTY STAT START TIME COMMAND
root 1 0.0 0.1 1948 8le 2 S 11:26 0:03 /usr/lib/
systemd/system —— switched-root ——system ——deserialize 23

root 2 0.0 0.0 0 0o 2 S 11:26 0:00 [kthreadd]

cherry 9805 0.0 0.2 6184 1524 pts/0 S 22:31 0:00 bash
cherry 9876 0.0 0.1 5980 940 pts/0 R 22:36 0:00 ps aux

5.2 HERZEITER

BEREIEAT RS HC T IRAE RGN . Bk,  PRFEERERIZ AT L& 2 5 S8 AR
W%, TREWRINET 7 b 7R LA SR A T A RPAT A

521 BERGHAZ

B RGN R I R, DA R & 10 P % S B AT BT AN ]
Xf PC MR, x86 5& 32 {7 PC HLIMAT/FEEH, x86-64 /& 7T x86 (1A 4™ & iy A 64
1 5eky, TIRRA x64. IXPRPAERIILE H aTs AT IR 6. Bk, AREHM W
B 2K UL x86 HT x64 A FEREALK, S 32 17 H1 64 £/ Linux RZE 09 E AR .

1. x86/x64 CPU HIHITHER

CPU [{EA T st e ATHe 4. W%, CPU 5410454 nT AR/ A2 45RlE
A REHERAAR S . FPRUR A TR R A 5 BUR 2 IR U AT R R PR PR I $5 4
XFEA AT LA R R G I3 25 A7 4% . WATHOCHT VO i1, IR E SR E . i
) 5 A A g kot . PR AR BRI, BEA TSR EL 2 e A e R
AR TS AL+ — M S AL B 35 4. IXEis4 HEt A B EH O
(1) N A7 Bl 23]

RERUFE A TIRR &, B S AT e B R s b P o ddE, 2 53
RYi. R 7w, KRS AV ERG I NAZREFAH, i 0y

S



Linux JBIERGEE N, RIPSMA (56 2 k)

3 H G4l T ARy A 16 5o IR AR R FE 2 o SEELIX b SR 11 1) 2502 7F CPU HicE T —4MR
FAFR N IPRAE T () cs 2747488 DPL F B, BEUXARA Tk ol LU CPU
MIZ TR

x86/x64 [¥] CPU 3§ 4 FAFARFAL A, Linux 7t K2 T H A4S, IFOD#
DA B SRR AR ring0 FVFRA F P & I B ARFF A AR L ring3. 7EZ0E F, CPU
REASZ REIHAT TG F5 2, U7l AR A AE bk, MR S5 e IR . 7T P
AT, CPU MAeAT— MR BUE S, Vi in) 32 PR (1M ik 23 18], DAl th st e AT A

2. RIERZE N

—ANGEHAE RGNS R GRS T M . WA (kemel) JE41E &
GZ0, R TTRAEAR T PR AR ) AR, ARSI EE . WARTE
RGP EAFHIENAT BT R0, MRS U 3] BT 43 10 RS0 2005 .

NI R, NEThEER A — 2R R RET, ORI %,
PR S RRNIE AT RIS ARG, IRt — e N L R B (RN RS0
D (RS . BT U ER A, AR RS R, KM 2R R
SEVSYRI, 0 G 2R R e, AR W PN A% 1 IR 2SR E Ak

3. Linux Z4HIA#Z

&l 5-5 /& Linux REMERLHM . RG0H 3 )2, BRIRERHEMNZE, BT &R
GEPER L. BF 22 FIEAZOE, R T NS — 203, R, EEHm
R L, ERERZERSE . AP EHREWEAMEF A PR, 17148
S VU R I AT L 2 b, R IREE S R IR RSt

R A2
1
S, P _
| RO |
| R |
——————— Do ZfF L
i
AP EE I Eh
| T 5 T A
T - _
/

B 5-5 Linux RGHIRNZEH

Linusx 745 0 94 5 ph LT R A

(1) R, SR 5 MR 1, SRR AL LTI R T .
(2) MBI TR, GO BRI AR RIS . ST R

o BOVEF B kemel, EFFE CPU, JHJERIDNRERLAIE 1T



BoE MRER  \CD

o EFEEATRIB ipe, SEBLHERE I A HLE S .
o NAFEYEIASER mm, A5 EE A £E R 0 AR ]

(3) CMES VO T RS HBtE RSO, &R VO BfE. ALl Pk

o SCPRRGUMY s, LRI ) SRR BER (S

o RURHEYL net, BHERIZGEE OB, BEOLERR RSO RS

o P AUREIRER drivers, DRANHE & HIIETT

(4) BRI, RO SR G I 1, DT Ik 5 i SR b B gy

522 HHEISRZIFH

HE 5-5 aTLAAG Y, WS AN I8 USSR B R P )2 I R G008 FRI SR L4 )2 (14 h
Wi, 10 RS AS B Rl R 1 TR . DR AT DA PN R R T B Sh ), B T
Rest AL ZE R0 R Tp bbb, BRI, TR AT HLE 52 T R i R4
T EIEE .

1.

EOR ARG, CPU H5HF &2 K TAEM. X4 CPU FH 8 5t &LMium,
BB K HEL, BEREHIT VO #1E, REHEPITHR. HlaTldRER,
i) CPU % H—AME 2 (R Wi 5, T CPU [Kiz47. CPU Wi b Hh W7 e 5 IEE AT I
HRE, HRAPATET I PN RRR T, AR5 TR AU FR AR S AT . XA FR R P i .

TR 2 O S CPU 53 & AT ERAE T 5 IR o SR, 33X 5 Rl R
TRT . AL, RGP Rl ARG E L WL R A FE R, A4S VO wa
T, RGN R R W R ERE R . B RE  EE  BEA TP R B — S o b R
FEF. R A, CPU ML HH I AR 1 6 NRH N (K A BEAR J3e SR AR B v I i . 6T
R AR B 2 4R I 8.2.1 151 8.6.7 H.

2. RG0AR

I AR T CPU AN IS, (AT PR IR I I, JLP Sk 11 CPU
Wi, JEAE CPU AT T AR 2B 51 R 1) IX A KA THG 41 =230 5 1 R [ Wrek ok
“BAA” Ctraps), SIARFEAANIITR AW R PEANTR S . BN PR FE 5 — % i b7 (1 Ab 2 ik
FEAEL, AR BT AT HE R AT, HEPAT LTI ERR R, AR5 FHR [ 4R S AT .
AN IOPVE A P bR o] A AT WA P IR S FE )y, R TSRS .

R RGNS T P HERR A 4L PR I eR B . 5353 B8 BT R ) 2 b e
T, RGN RS, B ATHEA U R RS E IR R, 1 R HOE )
BRI PG, ST Z B KRG MME], AMEVI W REHRE. YA R
PATH KRG R IR IIRAEN, FF 2l RGP, bR K.

ARG RL AN S o 2 )RR 5 U — A WA R 0 R G R 5L
i, HEHAT P RGEWHBATE S, HEPATWZT R RERH RS, TSR
FHR PG EEAT. KT RGN EZ AN 9.4 75,

-
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523 #HEMEZETEX

Linux [JWREITTERLAS, P RIP ARSI P&, WP SR
DA IE R CFRFEAD. B CPU MR T i, WK CPU [FPRE& D) F4%
&ﬁ,ﬁ*%ﬁﬁ%%ﬁUﬁ HEHF CPU R DI 0] ] 3

TR OB AT WM 22 2P I T, thae i il Z0R TR GUR T el £, A
@U&%“MAEﬁF*5&M*ZEW% FEREA T (v S AL Y, SERRIZ AT 4
AP T RGE A B AR B P R RE AR OGS, BAT A . IR ] /5 3]
U%ﬁ*%ﬁiﬁ @56#$T—AﬁhELﬁLﬁ¢m&ﬁW%

M

e N ==
el rhikfr AL &[] (2N AL i [7]

El 56 MAPEEMEITRAR

—ANHEBRIETERPE FET (A#RD, PATHER PP RIE. BITR3E—mZ]
A2 T i, BEREREFTWT, BERD CPU DI EIOE, BATHZ WA W b 2R 17 (B
). HHWTARBEESE R SR B], CPU Y #e[alH 25, dkaliar H P dbke (C D). —BE
IS BEFE R T3HAN RGP, AN EZZS R, BT N R FER (D
), RG4S RIGIRE], CPU bJla )4, 4REBdTH R (E D, MEF
Al LAE Y, FERFRE X BT # IR b Sl AT T B ZARES . B 2B kS| & mi b
BURAN, SHEAL L. D WZRERFN T R2LREMSIRN, SRR
TS, EHWERPAREH P RERERATI . Bt v, ERNERESTEEe A, C.
D. E, H# A, C. EEBITERIE, DEfTHERLE.

5.3 FHERmASHEHED

AT SEOUR ERE AP AT B, A R 2 P Bl S M SRR ERE, I Sk aEAR
iaAT By BHEAT B A EUS B XRS5 #0E [ 2 PCB dE 5711

531 #HEMNER

HREHFE—ENREA ST, REZNEER N E, HAbE ] fE T EZ AL
SO B 5. XSSP AN A TTE LR AE . 2 IO ERE 10 B I 5 IC 7E IERE Y
PCB .

1. FFIERYHbIEZS (5]

HFRR AN EER AR RS, BRI AT RS . 0 i e A R
HEMEE . N T BNHEFE Mg, FASEREE — 3 A hk=# 8], X ET 0
%4, 72 PC HLL, 32 %11 Linux SEFEHAT 4GB [UHbhE=S ], 64 1) Linux BEFEIH
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41 256TB [ry ik 43 ] .

UEFEAT H P SRS R ANE AT, ZEAS R T wT 7 i (1) bkl 25 (-t A A )
AT Ah 1 A 110 il = () 49 4l 43 oAy P = ) DA A2 73 1)
PRER ST, W 5-7 Fros. FT S RIS RERE 1 v me
B, WA RAEANZIE . QRIsITER S SR g LS

HEFR A2 A

I AT A2 T 7 23 e P R SRR WS, B ANAZ O I L S L Pzl
AT T PN A% 25 1) P 1 P A e [

A E AT, BRI WRH SR E A,
EHARII . BRI . AR B B
REATPATERF IS HORD P i R BRERE R
(5 AR TR B, IR A
PIEIES /€ (A VAR LIE AT PRl D B R €Oy ;
PETACIOES . BRI — M. il F AR AR g )
b2l ARG AT R, DA Rl ST Linux Zaoibibe g
ARBHNBC X b BT AT RT3 5, (R R
AT A PR T, kR 35 ) MR (O R I 7, U T

HAL RTINS L AUE R AER . LIRS Py, AP R RS T
o DUGERIR UM, RO B I, PORRARIOfER 0 T SE, R T SE47IK
Bt RIS AT SRS 8 BAE B AR D) e ARSI BEAR R 16320 B (5 .
EREME, WP IE A KRBT 0 — SRR B, EREI 532 Tidvss
eip

i TR R AL UERR AR M2 [ A REOA A1) AR S o 47 11 P A28
SR A7 % 60 7 B ok 2 KA RV . 7 XA M 2 1P A R4
6.4.2 i i — i 4.

2 HEMXHSEE

SR BRI AR, RHR Pk AR BT PR Ssb, BRI IE
i S PR B R 5 S PR o DRI SCP A e 5 0 R RR O 3 PR U 7 Limux R4
AR SO SRAR R, DR U A e SRR L

A SCOERT, AR T AT FFIRAE, AL SCPE RGO LAl SR . BT
WCHERET TR0 SO S TR AT R SO PR SOPRAEAT 6 SR AT ST B A, RO
58

ARSI AAGTESR 7 SR . A XRE I AKTER 8 Fh A 4.

3. HIRIESERE

HFEFAFIUTIAEE T . Bk BRI A R A AR R MM 5, i
{55 AT g A A %4$#iﬁﬂ%A,wmﬁﬁiﬁ PRIET A MR B
(AL Rt S B SO LA RSB 5
BURRIF o A7 LR (00155 AT KA 5 A5 T VI 5 2 AR AE 5.7.2 Wb A

L L3 e T P AT A3 L A AR AR SOOI 46 T U 4 i 23
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g

BRI 70 ie, SRR mPes Stk 2 (R S A SRR AT [ 0 ZEREU, AT IR B i
Sric, TEUEREAEANSATAIR— H AT WRARSE TR AT BE U, MR A
A FEEREGIE I 2HC, P ORFFEMERE M S AFAEIR] o il A2 U B A S A - AR
B2 PRAT R TR N %

53.2 HEMMIALE

AT ATA, BEREAATRT task struct JEUEFEK) PCB, ‘&idsk S HERR AT 205 R .
P 5-8 ik T EREIRAT 5 PN LA 32 2RI SR S5 4

ESf A EA task_struct IR RT
P17 i {7 A
IR e
FE 0 [fs.1il . . .
ack | 1B Gt b
. m signal,sighand
thread_info | {7 5/ A T

5-8 Linux #HIZH9HIREH

ME 5-8 el LLAER], 7EN BRI R (KHBhES) 7 DR R A R 1
thread info 544, XAEERIFIRAT TH GRS B — b B R, wHiITEm
AL PEFEHAEZAS W] Ve R TER SO, ARG S R
FOR IS A ARV, gL, thread info &5 task_struct {5 A& A
SEHEIK PCB. f% thread_info 54 RI A N AZAR SN 1 itk CPU XJUEFE PCB (¥ U 1] 3%
IEAIE PR ZHERC T T WA RIS L B U I TE T FE I A AR )

7E CPU A7 — /&%l 47 743 sp (stack point), 7F x86 HFR A esp, 7F x64 HFKA
rspo IEATTERLONASI, sp T R A BTHEFR I WA AR (AR T, 30 ) e mT LAST B 53 H 24
WEFEY) thread info Z5 AL, PRI, K AREEAT SCHERE AT 7 3L AR GRS 1) dg ik
A BB EAE T A5 EUAE thread info ', AWRZBEHREHSRIBOX L605 Bl 45 EERE
FRI) HoAt A5 2, 3 thread info H 1) task FR%T RI AT B s 17 o) 24 5 UEF2IY) task struct.

5.3.3 #HBEMNHAR

FPRLHERE U T HE R PCB. — RGPl E RGO )5S E TR, A
TAHZHE W 2 () PCB, R 2R G 1y A e 23— . s R
R E . G L FEEL 3 Fh72.

A 77 SOEK IrAT 1) PCB A7 A — A — 4 A rh o X fp 7 UL e, R R4
ARG, B, ZEELFA PCB W EF k. #RI7=UEY PCB # i —14
R BEA SIS R R, A FINER PCB. 1551377 Rl 7E PCB 5415k
Wik LR RO, DR vy . SERR I RS IR S LR R IR vk, DORIE
Bl f lF R

Linux 4K T 2807 ACRA SRR PR T task_struct, 247 LR JLFH.
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(1) HEFEfELR.

RGN AT IR IO R IA R L — XU iR, 794> task struct &5 AT — A
tasks F B, W ERARFRETEL T . FLIRHAE 0 SHFRRHART 1. i i L R
YR bk B AN BERE R 1T o

(2) PID #4113

EVFZAEOUT, W BRI ARIR S PID RA R . PR R g It
B A ILR ) PID A SRR . O 7 A RS, W IRE TR TANETIE,
e PID AR T 6 PID Wiy B BEFE I 4A T . PID #7182 — /M550 Hash %, #F
A~ task  struct 45 FIFSI0ILE 1) pid 5B HE A FIX 4 Hash 0. H PID 24k s # it il
TR AT Y [ R A A

(3) HEFERHRER .

Linux REMIFRLZMAFTEE L TR KR BAMEEAA — SR, B
THCHERRBERE . — AR AT LA 0 B2 AU, FOWER THERE . FAA A E S
(PUERERR O s il RE . XK, RGP NIRRT & — RN, RN AR LA
AL R 1 SEEFE (RGERCARRI 1 SRR init SEFE, BTCARI 1 52
& systemd SEFE), BT UERE AL SEERE

1F task struct £5K) P 1% B A QHEFEFEEl parent. T-HEFEFE%] children #1150 o) BEFE F £
sibling, ‘CATTHIIEE 1 HERERS 240 . BEREI T IX EeFRE] n] DL E R B 1 R A .

(4) n[ATBEAS

AT A ERERR RS, R AT AT PATIR S R U T AT A, b T
A PATIRES M RE L task struct £5#) (1) rt.run list 5 se.run node B A IE 4 1 BA
Flvh . FEREFEVIHRINT, FEFERFEFR P MATHATAZI k3 AMEHGEAT

(5) FEFFBAF.

HERE AN R R DR S g Rl o B0 40, AP M IRAE I B . A8 I R e e Uil F BAE
Tyl 2 HI I IR] )RS . SR GEHG MR R 0 2R 2, R N — MR A, T —1 5%
FEBATEERE . SR BB &5 s A SRR IR A &, 1 EACR — N ERFUFE N & 1,
P TR M RERGA R RS . B AN, WS AH N I S 1 BA B b
(RERE, R Rse e () IR S5 O AT R S, K iR R 455 DN 21 AT $AT BAB o

54 i# 2 iF #H

BERRIR R 300 HERE A iy FUHEAT A R0 A B, SEIRRERE I B . RS DA S A
BARAS Z I A S s b T . UERRR 100 H bR 2 2 UEFR R 08 14w suth 3 F R AT
A ERG R
541 H#HERFIINEE

BEREPE I D R 2 PRI ERE AR 48 i A W eh S RS Z A R (ANl 7S
Lig Az ke, AL hatfe i BERSEILID ) e ERRFEHIIAT 55 1 247 LUR LA

D
——
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(1) GUEEERE. G —ASFrEtRE iRl 2. MRS B T PCB, A
MCwEI, SRJ54% PCB #E A UEREHER M AT HATBAI Y, SHFIEAT

(2) HFERE. 2 DREFLEATE RN T 2RO S . MR R RN
PCB MBEREBA I R i i, BEGARE T B85, Je ) i 25 PCB.

(3) PHIEBERE . M IEFEABAT (R REAR PR AN I R 1T TG VRABAT T R g S A SE IR
PHAEHERE ) T AR SE BRANIEAT A BISE RS e o FHAEHERR SR R ITERE 30T
AILLRAF CPU [EY, SRR 3L PCB A RIAH R (R S5 AZ b o e e U RO U B
Feo MRTIAT BAB P8 — N REFEBEAIZ T

(4) MemdidbRe. AT AEARIRES IR T S A M Fe0E DU R el e, ik
FERLR N ER S B B s . M RRRERE PRt . RS A £l 0 AL e
FEIEERE, 3L PCB A2 AT AT BAF1 o

5.4.2 Linux RS MHEERH

fE Linux R4, SRR HIDIRERE M WAZ I ERE A 1 RGeS B, il bR w]
AT 1o P AR R 1 28 G FH O S B BERE 428 1

1. HIZREIE 5RGER

UEREANGR A ML, B E ) — NG . Fr OV I UERE R TR, AU T
BEREMRERERR A SCHERE . RGP AT IMRERE AR A2 1 SRR T Fh ik FE

UNIX/Linux RZHEAHHFE 77 XS A E . P2 3EERG KA (spawn) #l
HRAVAEIERE, Bl — DG B AR . Linux NWERAEEE (clone) 47, HER
AL G A P BOR G @ bR, AR AR G & — A THb i, F S TR m
mfg.

1) AR

O — R R G A 2 fork(), T7iE R4 QHERE i — A 7R . fork(QIf 2
PeErd: TG A PID. N AZAR A task struct 2554, ¥4 thread info Fil task struct
FIFREEREAE R KA FR I W ALER AN task struct 45 K rf (1 28 54 b 25 Py 75 2 1) 31 13k
PRI N Z5 s K PID KRR R 465 B task struct 451, HILEACREEESR A i
s, WA BATE RS, R, THERMRAS C#ESL R (W 5-8
Ao JRBHRAE R E IR R AR R, RAEEN CATHATA”, @B A AT BA
I

fork(IR A, FHERE Ctes, SSArstReii . a0 PR IR AT, AT I
s ARSI R IFFER PR, A, PEERE & QA A CRHIT IR, o
DA SEARST., TR LR K R o

fork() & 4¢iA A

[ohfed Gl —ANE ke
[ #% 0] int fork();

| GIEYEEIREED |



0 [ FEERER[FIAVIR I, B4 0o
>0 [AUAER

BoE MRS \aB

[y [alfE, e it F kR PID.

-1 Gk
Ui ) # fork( U F RS, & ACRERRIR - LR fork()
[l FHEFE M PID,  JF1apgr i 7t FE IR A 0. 1 o
] 5-9 Hiik T fork() % Se i T R4 AT 45 5 fok)—" | —m—— fork)
P 5-9 AT, 22— IR R Th 4 ! -
11T fork(J5 , MBI A2 5 AP T RN @ —
e — A REAQUERE, M fork()Ja (A CIL b4k iz At TiltrE

17 AR B TEEFE, M fork()Jm AR

WA TFURIZAT o R fork ()= AR IRTEFE 73 B4 4544 B 59 fork0RGAMMMITESR

AR — T, A4 fork.
5 — R RN, fork()2 “— VA,

PR IR, AR TR, g A

HERE T o i T IERE R M SCERE AR HLAZ (R QA AR, DA A 7 IR PAA T IR A2 /] — AR

rid=fork()
I

AT AT
SSriz iy TilET=

510 F fork()flliE Fittiz

¥include <stdio.h>
#include <unistd.h>
int main ()
{ 1int rid;

rid = fork();

EATERAT I X 7 AE 743 20 3 [ E A
[F. CHFEAFRIIR HE & —A KT 0 5L,
‘B TR PID; TR ZI IR [H{E A 0.

WHRFE T H A RE fork () IR [FIE1E,
WAL T AR AT ke s — R T o g —
ASTHEFER H 2 AR — 1. L,
I H I R FE 7T EAE fork ()i F I I fork()
IR MME, 235 A ACHEFE AN T EFE R v AN ]
MIAT 70 3 IXFE, AT HEFRPAT I A [F]
—AMREY, BATERZEIriE M. [E 5-10 4
& T fork ()OI &t 7 HERE IbRIEGLRE .

5l 52 —/METHLY fork test F£/7:

if (rid < 0) { printf("fork error!"); return -1; }

if (rid > 0 ) /] KRS L
printf ("I am parent, my rid

else // THES X

is %d, my PID is %d\n", rid, getpid()):

printf ("T am child, my rid is %d, my PID is %d\n", rid, getpid()):

}

e BRI getpid()t— ARG,

IR A AUFEN PID. ZFEFiEiTN, T

BEFES A A ORI TR RGBT, B ST R AN e, SR AT REAN

S
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TR

$ ./fork test
T am parent, my rid is 5770, my PID is 5769
I am child, my rid is 0, my PID is 5770

5

2) TR

B QR (1 REFRPRAT (K 5 SCRERE AT (R (A GRS o SR, 3 JRATT 7 22 ) Lk R
AT H I MR Linux REIMEEZTE THEFE DI exec(R BEHEFEMUR, f1H O
Beha ey, A2 — A if .

exec() RGE I HI I Dh e AR 2 852 (B2 42 4R B rT AT SO, R NUERR [k
hk=sA], A R ORIEREWAR, AT R AN E T SRR I 4 i T3ERE . B T 3ERR
WA i Ah, TRERERIRTT T AR R AR B IR EF AN, g — AN ERE “ A5
JER I T REFEITARIZAT -

exec) R4t AH

[Thfie] SR BerEmmets, (AT SN0 .

LA execOt — R RS, 4 6 FriHssl, Hrh execve() & HIE
ARG, Haud A nn C . EMRTE TS HBCE N T EA .

int execl (const char *path, const char *arg, *);

int execlp(const char *file, const char *arg, -);

int execle(const char *path, const char *arg, ---, char * const envp[]):;

int execv (const char *path, char *const argv[]):

int execvp(const char *file, char *const argvl[]);

int execve (const char *path, char *const argv[], char *const envp[]):

[ 4]

(1) Al AT3CfE: DL p 4 RRIERET file Firae, HFETFREXMF4, Wils; HAbREL
H path $85¢, N EZaXER12 4, /bin/ls.

(2) BATSH: UL execv LM argv[| 17 R AL IRIZIT S5 DA execl
TR R B AT A arg FPAFHRIREIZITSE. LI EBAT L2 LT, 545
AR A4, R8T BRARFNIET 28, &)oLl NULL &W. fl,
“execlp("echo", "echo", "hello! ", NULL);” # < B il FELA% Hy echo XA, AT M4
17 /& “echo hello! 7,

(3) IBATHEL: DL e &5 RMREAEH envp[|EUALRIE E LB N P B R &,
JCAL R B A IEASE, EATTR AL BRI A AR

[REMEY AR E, AREL AR, RE-1.

5 REAE, execQ “ UM, A7, FOFIIRL)E, BEREAG ML
‘oS, LabnTEl 7. B 5-11 fR 7 exec() R S0 H E R RERLG (AR . 1
BEREIHIGIZAT )G, SRR exec(), L I a BTG HAT B T -
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|

rid=fork()

AT
rid>0 rid=0
AR @ Tk
B:Lf? exec()
R SRR
! {
. TRy
: prig VS

!

5-11 [ execQERHIZRIAR G
f55-3  — AR HLT fork-exectest FE)7:

SREFP AT E R W T

fork(ViRIHl 5, AL TREREAF MIPAT & F 7332, Hli & AE . TR ST
exec(), H 4 echo MEFE. echo FFUAHIAT G4 744 “hello!”.

3) GINEHHEA

O HT R T REPREPATESHIRE ). AESEH) fork() R G IR L
UERR AR S 25 B (0 T EAR, IXAMRAE S FEIT K . I BB UERR G2 5 2B A exec()s
TV 52 I3 S R AR A N o r 20k A G, X BARRAREALR . A T Ak fork()ffE
fig, Linux {17 “ 504267 (copy on write) FEAR, 5 At fork()se Ao AN 21 52 il
ACHEREIIWMR N A, IRAE TREFE I S ACHERE IR AN AR, HEEFE TTRITEA
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e (BMe TR WA AT RS, A FEEA & AL E AR RN, 2
TRAE e IR 3 B I W5 S e A AT AR, 2 AR O FURRR A S & L R AT
exec(), HAFEHIERIERA A E, EHEHUC RS & T AR 24 .

2. HEMZIL5%H

1) R 2L IR Y

FECAHREEEIETI T A AR AR R EsR R
IR #abs Gy — PGS R0 (i, TEUEFEEAT I 4% Culre B2 EILIEAT), BR
AHEIEE k.

H CiSgmfent, maTLUgid LLF 4 F5 UEEhE H -

(1) I exit(status) ek 5K 45 /FESF

(2) 7F main() R 20 H] return status 155) 458 .

(3) 7E main() i 20T H return E 1) 4501

(4) FEFHAT 2 main() R4S .

CL_E 4 Fidf SLaR & bR 1E & 20k, A 3 Foh B 2O bR FiasT, Je—Moh
FasUHb 28 b . IE R bk FE T LLR Bl 25 R 40— AR M ARES, BT AT P ARG )
status. TR I E R 0 RoRIEN; JE 0 Ronrphl, AR ECE 7R e 1 R .
fldn, xf—AFERE R, A RAANEIR S 0 Rl Sk, -1 RoRis i, 2
FoRBHATAR, S5 MR FERMRATE R P s mFaR D, e
B A E -

B H P ORAFTEBERE R IR 1T ) exit_code “FBx 1o YOEIR A A/ FI 2 T A0 A HERR AT 5%
WIGEAT IR, DA ACHEREMAH I AL RE . BRI, a5 R 1y IR R (AR H A e —
A Linux Zaf2 )0, XA AT LUMR A 5 RGe A AR AR - 51k .

2) #ERERE

BRI UMER B H, BT exttORFEIH, ZILAHCMIBIT. exit()
ARG PAT U T ERAE: BRCHREIT S A PR, R AR AT A% AR s ) HERE S
R NIRRT —Se G5 o5 B BUERRIRES A “EIER s WRAT IR
AENER A AR R “ igR 7y WA A O de 5 T FBERE I BERE e U 3
R

Fhb, HEOAEN “EPHEET, EAHARSEMPAT RS, R2 AR
WIS AR, WAl AT H ) DR BBERE R AT AN N AZ AR H 2 8 1 IR A7 5K 1%
HARIEATIS M EZE S, BunB . BT g WEE SRS H S, g
BEREWCEE

AR — DR TR R BT R ZOE, SR s “AUL” R
SCHEARAE IR tH AT EAMN AU AU LR T4 AN AR R e . i ALk
FEn] LU R AL FR R 5 — AR GRS I 5.8.4 31D, VAT [AIATEEFE (1914 5l it
1 SHfE. BT 1 SHEREASIRE, Irlira 0L bR . S, TERSGK
PURT, 1 SHERE ST 4 T Ik
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exit() F 4t A

[Ihfe] EhZbi.

[ 4% 20T void exit(int status):

[ 240] status & FAGRRE SRR ) — M5, T 1) AQHERR M AR RIS AT I 45 2R
status (15 SGEHL: 0 FoRIEW 2L 4F 0 RoRigiTH R, R %1k,

3) HEf 5 InoERE

e ) UERE B IR R AR — i e AR DT XA DR A FEVE 215 0 B ALHERE -
T FRERE AT S R . [P (reap) 1) T2 E4RAF S MBS T RERE BRI 1T ol S 22
fE B, ARJEHEE AR R B, RIUERRRR R N AR . ek E R 2

SR, TR AR PATIIIAEG S, S TRERE R AT R IR E R, SCHEREAT 7T HES
TR AR . QR A AR AR AT Rl A S I A T BOR R P Ak
FEMHERE . EAFEUE A wait() R G0 K B2 SRR MIB AT, LA 1F T2
4l

USRI 2x ] SIGCHLD A5 5l AU, 1 ACUEFEBRIA M 2 105 5, AT
SRR SR, A waitORGIH, ACBERE R LA £ 8 KA AW T30 . 7RiE S i4r
F waitQ)i, waitQ)RFRE 2 A7 E ) T RE R Pk Bt mlle, & s A
CUPHZE, S5y THERES . THEREER LI e B SRS, wait()4RERIZTT, WHE ) TR
BT . waitQiR[a]f5 . 7R ORI e, AU RREAREEIE AT .

wait() 24t

[Lhfe] BHZEDER: B2 G, e[l 25 F .

[ A%3C ] int wait(int *statloc);

[Z%1] *statloc Ay T THERER— LR W ZIERIRS, MHARFE R0, 52
TGRS, AR IEREIR Y (RIS S rE ), WIERFIAN 0, RFAH
(RIS 7 42 4 P EERR 2 EAE 5 145 918 A A S0 TREFE 22 e 2% 1111, mT LA NULL
Y241, [ wait(NULL).

| GAEIEIED

>0 JHEFEN PID.

-1 YR

0 Atk

] 5-12 ik 1 wait() R G0 H AR5 R (A o

5 5-4 ALY wait-exittest FEJT

$include <stdio.h>

finclude <stdlib.h>

#include <unistd.h>

$include <sys/wait.h>

int main ()

{ int rid, cid, status;
rid = fork():

07
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if ( rid < 0 ) { printf("fork error!"); exit(l); }

if ( rid == 0 ) { printf("Child: T will exit in 10 seconds.\n");
sleep (10) ; // BEUR 10 #F
exit (0) ;

}

cid=wait (&status) ;
printf ("Parent: I caught a child with PID of %d.\n", cid);
if ((status & 0377) == 0) /) RFHAHO

printf ("It exited normally, with status of %d.\n", status>>8);
else printf ("It was terminated by signal %d.\n", status&0177);
exit(0);

.
.
.

rid=fork()
Il Tt R
rid>0 5 rid=0
QiR e T
wait() - WIT
FrFTHRE | TR
I
|
BT LW | exit)
A2 R4y 55 HEHIELT

E 5-12 A wait SIHRSHSE

ACHEREAE AN TR IR RO T exit(1)iBHY, 5T waitQFHZE B 0 THEFE
IBATIS e AR, AR 10 FRJS T exit(0)BH, [ SQUERE A SIGCHLD 155 -1 Sk
Fio UEFERZMARE S, RZEHAT wait(), [ THERE. waitQiR[IJ5, RBEFEARYE wait()
R AN 65 BAR A 7 UERR K PID AR A, AW AR s AT i L AN S R, R
Ji H exit(0)iB o ZFEF IS T8 AT

$ ./wait-exit test

Child: I will exit in 10 seconds.

Parent: I caught a child with PID of 5326.
It exited normally, with status of 0.

$

4) THERE RIS

TR ARG B MRS LA T FEREEITE R, R R s 4
REVH 2o WERIR R I I SCHERE AR RE M T HERE, il IG pl ) BLR, (F RS (1
T PID ), JETRI 2 T8 fork()VRMC. XA L) ]
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A Tst TR S, WS EARE B R I TAE. — MRS RS,
W E ) FIFRA R L, WFEACHEFEER 1 SHERREWEEeA], FasreiiiEie.
FeEARRM TEFRE, 1 SHERSEAT I wait)RFE 0140 Batdid, L
B8 W, BIEaipaE R T Ik, Il R A DA O T R BT RKAGE
ATAE (PR 55 ERE SR U, AR ) [ SO il A — ™ a0 20 T %o 11 ]

] 5-4 HPORHIA R “SEAr-nlle” SEng, B SCHREIAT waitOPHZE A C, 4y T
FREST, 2 ) bR S A T . X I st DR, ANS st i
PR (RS T &%, s MR E RS FEAE .

MR %S RERE (R4 AT S B H Pl R AR % o T PRREH IS, MRS R L5 fs
BRI TR . A TSR SR, el I R SR AT S BLEIEAT D dn
RACHTEARRG R FRERE, &0 LU FEIEE IR S5 55 SIGCHLD, {rfs 5 Abs
A waitQ R ERR s WA GO T IR BT S5 L, e nl LUE AN W
W& SIGCHLD 555, il 1 5 Fas bR i TAE . XF5 -5 AN ] 7 i3AE
5.7.2 Wi

3. #HIERPEE S

AT IR 2T T B N R R A AN REAR 2RIz 4T T 0, =BG
CPU, HEANEIRA. SFFFMSFrfg e —Bemtinl . ARE2 Lise i SCrE ol . ok A i
(P4 A B RN AR S o BERE I TR R PR R FLZE B L BHIEBERE B4 A 0 IR
AL —ANERFRASII S5 08, BOANAHREME R, B REAAH R SE 1 A Ay AR
REENEIRE, WA R SRR R S AT HAT A i 2, ik
FEICABUEFRIEAT o T AR R SN SR T8 W e AT S8k, foltur,  UEFRAE A O AR T 56K
MR AT, a4 AN 1 A B A

FAERFATNER T H MRS, SR R, $ER I — 0
DML SE A A A TR . i, SO RRESEAF TREFEAS R, B wait)¥ H O
FER) “H4F TFUEFLR 17 (wait_chldexit) BAFH . 1% BAB [ i 45 12 T-HERRISAT 45 2K
LU FE VA exitQiR I, GRS IX AN AT e R o AR R AR D R
RSN AT HATES: R m &5 VSR A F I ER, BRI HAT S . it

UEREIE e e T A Ay IR AR S 2, W i A I RE T BE R FOB AT I B, ettt
FEIZAT

NG R BE R0 i AT — TR AL H CIER A, B, SR T
BERERAT 2 H ORI T AR . I BURNBEATALRE, SRJGEREEIEAT: WA K
PR, S5AF T Mo AbT ] o I AR AR ¥ BEAE B T AR 5 el A5 S e AR
Dhngeii, BNl F AR N SR 0 FR R Az O X EREFE AR B 5815 5 o vl BE & Uk
A&, WATHES IR

5.4.3 Shell fp& 8 fTITE

Shell FER LD e 2 RAT Shell 5% PAT M L Z 7 202 0> TRERE, ik
AR T 2 TS ST« IR, Shell SRR & AT A7 7E LR H0AT 1Ay & (1 SR

@
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P 5-13 75 T Shell AT i (IR, A AT LU B ANHERE HEAE I3 2R A 7

RSP T
AR
id=fork()
(Elf=Srix i
FitiE
AR id=0 0 id=0 exec()
id=027 SR
T‘JEE gt *
BETE ET iy
< AT
: i
L wait() TERE IR HE A exit()
I s - mibEf

E 5-13 Shell @< HIITIHIZ

Shell HFEWIIGM TG, TEbF 4 ERRm23RRT, ST #ilE—
T 24T i, Shell XFHIEATARNT, 0@ EHAT IR A4 LR IR 288, DL S & I AT 7
X, RJEEIE AT Shell #EFE. WA GAATRMEA WG GIBITA “&”7, W TR
A& FF4hiztT, Shell WIPAZE A O, SRS PATE R . WS AT /WA “&” 11,
M RRAE JG S P ARIZAT, [HII Shell 4REEHAT F & B BB RS8R, B2
AR TR RS AT G 7 R RS i o ZHAT 1 dr S I BUg S, AT a4
BB TRERER s T 5 A e B VR I0 0 Shell X HLHEAT R XAl 5 T HEFE 1)
(O[S & 7E Shell $7RaRE 5 HEAT, X5 & 7 HERE G IG5 2 AR AL BAS S I BEAT - (Rl
SeRE Shell 4k4E4T.

55 i 12 A E

TEZATE RS, R CPU RN — ik L TAE. SAREHERE I CPU 1
AT AR IZ AT RO, BRI RN vt s o B T

55.1 #HBIRAENELRRE

1. Hi2IEERIThEE

UERE I FE K Dh g & 4% I — 8 (1 SRR AT CPU 2y Blam it e b e, A e N 4e i i H CPU
24T BERERESEOL T R A E IS AT AR L R R e . HERE R R (0 D E Hh A RZ R 3
FEUR BERE PP S B M IEAEIZ AT I RERE R R S UG CPU I, MERE R R e st 2 i A
VAL ERAE LS LU PYIR A



(1) BEFREERE: R —@mMiIE sk, Mg Ay ik — AR

(2) UMfe: he TR AN, Ak IR R Wy, BT,

2. #HEBAEMEE

HEFE A RS ) S5 F SR CPU BRI 73 Be S, thait 2 v AT A )ik A T A 277
BT o MR RERCRIRE, ©HEVES REEA TR TEREfabR, Wy NIE R
et 5. RS EER AR B R E s kIE CPU AL BERE ), W2 BEREx) CPU
ViR e MEAME LR AR A R RF RN UERE, AT AR B A B E Tl &

TR SR S i B2 RO AN (R HERE U S . R SRNG 2 SEINTRERE Clndil s
oG MLAs NAE T S B R AR SRR GERIIN M A H RS () Shell, SCA
Gute. WINRAE) SHERINWN; J5EAb e (RS, WRATFLIKSS i
S 2 T 1

R B ALV EAT LA R LA

(1) SEabse k. feBEERTE Al AT BAS T R 56 5 I R o 3 o e i B 1T T 2
i ARG AT — S8 BB AT 25 (1) M IS ) e 4

(2) R, e RIEfETT, UitamRa At aE, - KEREAF] .

(3) ISFIa] e ik o BEREFOM e IS 1) - fe A CPU. X Fh 7 ¥kl i it R e
FUm S () K, ARG A ) BE B B NIE 2, Jd s o | RS 1) ik
PR, b R IE R e A1

() PSCYOMBEE . R R B SE G, RN S B e i RIS AT
AP A AT 55 AT AR AE A B AR 2 . 5 R A0 2500 0 R UL 6 2oy M A I e o sl &
A sFSALIETNGEIREN, SHAPLAE N b IERE (38 47 1 (8] 1 BRI B T e
RS AL WL, BE AT DACRAE X s e R g R im0, AN SO B 2 AL e 4 1)
W .

SRR, SRR MRS A S . dni R Rl nlE Y R e A
2, BN AT DA — AN B ), BOESHEAT AN ] S .

3. #HIZAERIRTHL

GURCHERE R B 0 rT VA 240 4 T LA

(1) MErERERMGE CPU, ¥ AREAR, 2@ sEtE.

(2) HETHEFE L CPU, ANE#E.

(3) MR E)

(4) HHEEER IR .

PLEAR G, 55 1 R PR LS AT AW IAGT CPU; 35 2 Bl b e Clls &
— L Z KAL) T MER H ikt CPU. X PR ol A1 i B 3EFE = 301 H 8 L
JPRUI AR . FE PRI BLUASTE], AT A RGO BT R R . X
PR RN (preemption). 48 /7 /2 BACERAE RE AL, A0 22148 1y CPU n] LA
{RUE RGE AT Ry AR AP RV S RGO UR S, ARyt W
ARG NIMER RS . B UNIX. Linux Fl Windows ZE&8E40 5 RS, thal L 48
SCHE LA 4 Fpa R T K

D
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55.2 Linux R&ENHEEE

Linux F4¢ [ 2E AR 5 a3 1 e 2. JUHLIE 2.6 UG W AZCR F T i BE %, 16
EEL £ CPU KU RS T &P AT Ak 1o,

1. #BFAERER

Linux [JBEFEHOA T hidsk T SH#ERREMRNEL, EE4.

(1) VSRS (policy): XREFEMIARESRIE, Yhoe 1 EERE R N o] 1 B %00 R
Linux FFEFE R SERTEFE 500 CAESEm) BEFERSS, 7000 R FHAS [ (R 0 5 Sk o s
ISP SRR AC P SIS 39 32 SR, 053 R R P AL 3 2 SR

(2) SERRYeg (ot priority): SEEFUEREIIPLAE S, b SRR e B S,
PUEYEREY 0 (Bl ~99 (dm) . SERTBEFRMEINA 1-99, FESCIF R, 0.

(3) FA&MIE (static_prio): HFEMFEAM AR . HFEAECIR 24K T —FK
ARSEFEE “nice 207 (WL 11.6.2 A4, Bow TIHFERNFESINER . il dEFEn
static_prio HUEVE[H A 100 (fgis) ~139 (IAR), BRI 1205 S HERE 1) e D0 512 s
L

(4) BhasEd (prio): HEFETREAL I SRR . BRI % .
Y R prio (MIEGEE A 100 (B ~139 CBAR), A RAYE S R I (i aifE S
BN [R) Ay 3t G H AR AR T W i il i P b g = IR 2E 2, 1 J5 B2 Ry SEIEEFEY prio
i} 99-1t_priority, HUEYEMEIA 0 () ~99 Gief), ALK,

(5) WA v C(time slice): HEFE AT 42 (I IR) o B0 BEFE (1) I Ta) 7 (070 46 oK /N
PR EATL e g, HUE S A 5~800ms, b 5E 2w NI HsH ] F i o SRR )
1]y R H AL VOE - BEE BEREIZAT, IR AW . 87 0 B AN
SRS, EEE FHRRIS T E]

SRR (R U J5E SR W AT e 9 A5 R AR AR G I D AQUERE AR S Ak AR (1), AL EFE m] LA
I ARG AR EAT . setpriority()H nice()NT] TR B iFF AL, sched_setparam()Jf] T
B SEIE e 2%, sched setscheduler()H] i 8 I 15 S HE N 25

2. FHIZAE I

1) T i s

Linux UEFEI B0 555 5 oAb BIRE b 2 S I 0E R, 2l 1 e R o 7 T8 SRS
by SEINERROL e B v T AT . R R R AT SE SRR A, AR
FEEfE T, HEAWT (FELH RS T8N, HERTFIISRE L 5% R 2
WA o X mEERE, R ] B i i B sk, ) B P A BERE AR e A T b3k
AT

S HERR T B RE LU I, A DR SR 42 SR GO R o A AR Y A R Sk
AR 2%, T ZHmUR S W WS AP PSR, (R A2 B 5E 22 1R G At
TCs WAABTEAWIHE L B o THRRAS (2.4 RO A% I I B Ry 78 1 B I RE ) 75 38 L BT 7
(P EEBERE, PR FLAC. 2.5 N RSt T R S SOk A s 454, {ESk i s ik
| O(MZ, A O) LR . O(L)PHFER 1 AR PERER A, (RAEA TP R A S 4T,
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HEA AR “5E a0 TS ” (Completely Fair Scheduler, CFS) Frift. CFS i)
TLAE V- N 7 AR A NG, DAL Rl A H T P A IR SR T S 0

2) R

Linux 1) 3 & FE 42 schedule()PRi%T. schedule()/& I I, &Y 75 2 07) ik 3
I 2L IX AN R L. schedule(F) TAERURLIEFE F—NEASAT AR, RIS UHN,
ibE RIS AT . PR I CAR Rl P AR B TR S AE P 58 i . Linux 4244 T
AN LR EERE S, B SEmERE ) RT E 4% (Realtime Scheduler) A1 it
FRIF CFS VIS 2% . BEPRIINUFE 50 RT J5 CFS, RBl: G S vl 1 S5 1) 92 i R st 4 T RT
VRS, AN UERE, S CFS R8s, e —ANMImUbFE . b U E
DI B AETE 5.5.3 T4

b 7 U AL schedule()4h, W AZ R AT — AN B AP (15 01 08 5 R 2 scheduler
tick()e FEREA LRI R T WAL FERE A rh A R AT AN e 8. 1 R R K B D S
FIa T R get &, FFHIMoR A f ZEH L. KM TRt 2 i H AR 2R e i .
GRS SN UERE, scheduler tick()#t < Ui FH RT UABE 2 UEAT FIWT: 7 iy 0 &%
WRERE, WA CFS 7 883E T A . 8 R 28 0 e B4 T M fe, el axilisn
WA%, NG 80 R B 4% schedule(VUEA T BEFE )45

3) PAEESEAR S B

Y PERE PR AN RIFA R EREROR T AL, 12 B & AEE R R R 17 o (1 — A
PIRESEAR (sched entity) [&5HR R . PRSP E TRBERNETARTEEE, €
REHEZ HIFE . LSRR8 A% oty S BERE i I 5 S5 AR 2 se.

WA LT BT R O e A TR B e 5 44 0 rT AT BA %Y (runqueue), AR LGRS .
PAF 4035 T AT S5 CPU AT AT HERE (FRIEEFEMITHRESEA) » Bt W% 1Y) runqueue FA
FIKH rq gk, B4 CPUH —4 1q. 1q ST A 2NN T128170F5), [ TRERR
XN —ATIEATEAS . F - RT PWEEESHIBA S 1t 1q, F+ CFS RS HIBA A4 ofs 1q.

4> T

WEEI 5 A BB BE S R R . SR it bR H S A schedule()
R, AT CPU; 5 HAIZA scheduleORA%L, SR HtFE. 8
FE X3 R B S SRS A o SR I A AR AR I R e ep S A O S D
HERE, WUR S ERUE A N . SRS A e R AR R N,
bR FiTped e A = X W v 4 (i e X

WA AR T N EE N EIRE need resched. ZAREN AT
(#) thread_info 5K, JI] TIF_ NEED RESCHED #rifi 7%, A 1 W5 R MR
BT U FE ) 77 R0 AL P A B AR R P . B, TR b W AR EERR S,
R mMAER I HETE R, MR EXNMRE: 4 R R e s,
WA VO v W (1) A B -2 10 R S5 Ao IX LS R BRI R, R BB XM bRk

oy R HLE TEERR AL O AR BB 7 Ao A 2 2B R M v DR Ak 38 33 R 46 30 TR
[ A, PRS2 R 7 need_resched Frik, WA U3 v & U H schedule() bR 200E 17
V. HRIZH AN, FEfTrafecgn R T . 3B & 5800 A ST

B 13
——
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B A, AE AR SR R R RE e 7R 5 ZE N RN iz AT

5) W 7

ke PR TR PR, R R DR AR TR P A T RAEM . 2 Bk
YEZRGE CHudE 2.4 UM RZZ AT Linux) AR H SCRRX P ALl EXFEr R, W
Rl —HIZATRITER, LMARVFEP . B— bW b2 el f2 vh g T3
A Py e T A S, ) AR A A BRER AT 58 JE AR [T AR (I A VIR R, X B AR
HER RGN R IR ST IR IR S I ] 2.6 i Ja A S I T 3 A Se ke AL, BE
WAzt 7 (kernel preemption) HLiil. WAZHE 7 LVFIE AT FEAZ O A& N (W HEFE = 8 i 5%
CPU, S(/E7E AT LLARIE N AZ AR 22 I w4 T g LA bR 40 o 48y I AT LR 78 v Ak

i AUR N RN . AR A R AR S R AR R A, R AN R SR
Eﬁﬁ%‘&c

N T ZFEAEE Y, Linux fEHEFER thread info 4544115 % T preempt count 45 .
ZATEMEAN 0 WERRAVFPATHZIE L. FEREINEZSEE, ARG E
need resched l preempt count [FJ{H. W4 need resched #fi% &, KA —NE mL ek
TS E AT . LI W preempt_count 4 0, PAEFEIFE S W preempt
count A4 0, M HIS TS A RVHE L, WECR EE M #Ta.

3. SKETHIZRYEE

SIS ) R S M) A S L A b A T R, AR IR — R 5E g R A S 2 5T HH ek
SCRLIAT IR o A B SE R EFR A RT YRS AT .

1) SIZHFHERR 1 AT $AT BA )

SN R AT AT BABR D ot rq g5 AR, 0o Qs 1 S B8 i i (1) & R s R
SRR R A POAT IR K, B rt_rq HHi%S7 T 100 (0~99) AMRFELBAF, HA
Sl 2 118 I IR P A0 50 2 B0 I A SE R BA A o, AT BA B S 5 i s A E AL
active[ |1, FEULSEHMUFHES . WEAN, h TR ERBERNAE, o q @l hiea s T
— MBI, BRI EBAT, A 1 TR AT A IR, 0 FoRBA
o Bk, RAHAE B E—AME 1 AT RIS G A F 1) BA S5 S M ATt 4 1)
I RS SORAE . BEIRA EFE AN BARIH BAIRT, 1 2 A8 A Y M A AR SE A ], DUk
B A Z (1) B R0

20 SN R 1) 5 5R e

SIS HERE R B SR A0 95 SE30E % vk (SCHED FIFO). IsFa] 46443 (SCHED RR)
AE J5 WIPRYE (SCHED DEADLINE). LTl 4 5 F o

(1) SgibsGHiZ: (First-In, First-Out, FIFO): JE R IGERE a7 i =Lt g
FIFO RAA RS, HEILIE T, ABATH FIFO RUtfels —Higtr, BBk, BEAR
BB FAT @ e FIFO SRRl

(2) §&4%7) (Round Robin, RR): RR & FVAM SEA AL 5 R4 5L i 2R 73 e
—ANF R, SRR E AR SE A BIAH N AL A L BA S o R BERR AR S 2K
U BE,  FATHIRIC e 2 R R AR ¥y, SRS AT — AN By o M ERR I 18]y
SEl, EEE LT CPU, FHiil S G A EN A — R AT AR, S 1F F—iX
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1847 HA 4TI BAA R 3 5 AR T — PR Se A [k R . RR STVt R ]
TIRAeg e dang . RIS AT R, AT SRS R S R R, AR
2 rh b 2 A AR 1 2 N = S 4 R

FERG LG, X PRSI R R, R v S B S, AR R sk
I Linux 28 0 ABFFE R 8 0 M B B TR) (k. AHLE2 . FIFO SEykili Ay i, (H7E— L ik
LA R AT B, —AMRERHERET MREKPSERZ G, S i bR
LIRS fRF . Bk, FIFO & H AR LeRp a1 T I MR A SERTIEFE . RR SHIATEIR
SR I3 FEE PR [T 3 A ) 20 -, PRI 3 R e AT R B 4 11 S e 2R 7

30 SRR B () STt

M AR, WK AR B E ML e OB SLBONAR R AR 58, SR
BRI E R e T 24 AT BERE L 6 20, AR schedule)RREEEITHE Y, 5 WiHRE
BA A A BN L& o BERIERS, #F schedule()rR 2R INA SEREFE B4, Bt S AH
RT i JE#511) pick_next_task rtOR%L, &P F— L2 AT I SEm bR, 2 HiafT. ®HEH
WAL, R B:G T AAAT g WA (G B S AR e BB, R e U AZ A Hh (1)
% 1.

EREA IR R h T b 2 b, AU R scheduler_tick(#RHFIZ4T. WIER 441
HEFE AR BERE, e S F RT 2310 task tick re() i3, XA REERME 2. i
R S FIFO #ERE, WAt A, B n bt RR SEFE, W05 gdadb F 1 i) [a)
by AT IREIT 0, s PO T O REA R A RN, RE iR
need resched bric. "FWrRINS, W AKILZERSEM ST Y, WEF A EERIETT.

4. LBHZRAE

U HEFT U SNl (SCHED NORMAL) 13, e A%, M i
A A AP (CFS).

1) 5 SRS IR 2 P4

ARG S RERE , 05 30 S PR U5 B i 28 P e PG IR R AR 4 11 ) 1R S i gl
e ARG, AR APPSR 2 2120, 5800 Y G i .

ARG T2 AN ERE R R et . (Bl TAERAS CPU L3RR A 24T,
RefralE, B H ARSI ZWHAT, WOWEIT. QUR LI IR AT 3 b — iz
ATHLZ BT IR] B — N B, D A J B Uik 1 RS AT R, i a1
Fa MUXMPRAERAT B, ARSI 0] 30 R e AN BT . 3% O IR VL, BRIAE e
(static_prio A 120) B [E] 4GB S 100ms. Bt DA Th AT 4 N BRI Se 90 HEFE
D) 4 ASHERE BT — PR S 3074 400ms . 3 FEH5 R 20 B (i) ke, U 1 B 0k
A, S TR fH o Al

N 1) 58 AN 24 ST 1 Dl R SR T T8 P PR I Ty, A4 9 25 R S e v
PP A A BRI o FET XA 0T, CFS JUFE T a4, 3% CPU [k i it
SYBCEOR E LEAM G, 2K CPU ¥ (R 4% L] 2 B4 2 Al 1R, IR UEEATITE Pl
(0 B R 0 PN R RE 45 o0 B EL B 3RAF B T 2 o IRAT 4 DMAHTRMR e K 2 0 FE, )
CATN 7043 25%I1) CPU B [a] . W Baf B I #AY 4 20ms, WTFEREAJEHAN 4 ASEFEED

B
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Linux JBIERGEEN ., RIPSMWA (56 2 k)

AT 1FE] Sms [P, AZRFIELT. WL, Le A0 AC v DA R TR R S R E A B
FBL A, A A LR ) o 7 B 1] 244 81 PRALE

W B B A A R AT o R A & B B0l AR IR D), nEE CPU 1
FH o [Tk S 03 (1 P88 7 e R D e R A o P i [0 (8 5 SRR B o S0 P (Y ) i)t AN 2
Ry, R RSS2 NiEiTils, ISR EREAS T
A X CFS FriE R HAR, RITEMmT R Ge 1k fe AL 56 2R 22 1R T de T 92 Eian K
PR BIA Y-

2) CFS i i st

CFS VA1 % 55 2 — &% CPU [ IR LU 2 L2 o5 w2 JERE , 0 b 0t % 1k
FEAE RSN VIS AT I ] TR] o 23 BE AR i BEFR 1) 71 2 AR (load weight). &4
HERRARAT — A AT, XA T AR R I A AR S T SR 7. AL 100~139,
Puoegi i (AR MIBCEEOR, REIEIEY) 25%. HEFEIIRCE S5 YaT i T 4
HEREIIAN SR 2 LU T R A E L, X AR LRl % RN Sk A5 1 CPU A H] L
ol o VR R FABA ) B AR 24 st BA S I ERE R B, I E AL FE R L 4ms,
1A% 20ms . ACEE b 3fe LI A FE A e 2 REAE AN ) sk AR 1K CPU [N 7] BC 2,
FROMZBEFEI “BEAZEATI ] 7. B, fRyestarbAS A Ay By C =AuEfE, k%
G390 119, 120 A1 121, MR RAENRE, X ="M M IFIACE /7 A 1277, 1024
1820, FrLLEAITHIAELL 5k 41%. 33%F1 26%. £ 20ms [ H 4, S0 HRE
ATES )23 )2 8.2ms, 6.6ms Al 5.2ms.

CFS R J5 L 1) 5 — AN B R AR U o (1 BEARLIN (8] 2 P Mo i i - e i AT . h &3t
FE (P BEAR T R ANAE, MR B AT IR SE B as £ 7 I TR0k A 7 4 52 LR MR . Ak, CTFS 5
TR B S . B ERES NERU D (vruntime), F T EERE CUHFER
CPU Htfa]. 3l B AT v & (1) 2 R LS AT I R], e s brig 47 i a] InAUs (1 25 8. Ak
R Bl () R kL ] e e bR i Al X IR ORCE, s A e Y.
ERIAL S e R 00 AU I B 5 S BRI b 2P PR AR TR o D0 S A I E AR HL R UL IS B g 251
Bk, AR R NS, R 25%. Fill, R el i AL By C
HERERUL, EAS A RN AT I R S SE bR AT I Az Ee 2 70k 0.8 1 il 1.25, AT LS
BT EEALLZ AT I ) 6) NE () AE S AT I (AR AL 6.5ms Aida . IR B, MBS
I AT T AR R M 28 5, T AT ERE 20 B R R AU AT N (R AT A5 1

A 7T, CES M & SR s, KM diie, 4% 3 SRl
Pl e, MOETEE A, AR OIS AR L B BN R IEAT . X AF AL
& RERE I AN S AH EE D, IR IR IR, SRETTHA T R e 5%
Fro R R RART B AR IR GBS F M R R E R — R R AR . Aad, 1
FEBAAR R ER . AR EN AN, SBE. WA S
HERR IR BEARIZ A7 o [B) &1 2> B 2 2 A b R 3, 30k 400 8 38 (10 &% RO B BN S e >4 iy o 5 4
LU

3) CFS 1[4 7BA %)

CFS A 851l AT PRSI cfs rq S5HIGIA, 408 T BAFIAS B LL B BAA i) Je £ 6L
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M T, WS arE s H . BAE. 4TS vruntime (6% . cfs_rq H I BAS A
—ANEPEBAT, 1A —BREL vruntime A (A L1 R (red-black tree). A4 [R5~ 25 T
RS se, HP RS TR0 AR, WHFARIAE. vruntime, FFARIZAT
[SfE] . B UHEATI A5 . vruntime {EER/N R 45 SOBEE A 16 Ao DRI, 20 SRR o g e
iy 285 AR N PR IR 2 2 A vruntime (B B/ 1) EFE .

BN ANAOIRES G, WK AR AL B T d a8 2 ARk
HHIBATIN, EES KU A R L BRI AN BAER AR S0 21 SRR A T PR R, 5F
AFIN i BT A SR e T B

4) CFS i 1) 552 it

B AMEE R I, CFS A2 3R © 11 vruntime B4 HAER AL BR . X 1
FE B /5 0 P e PO BE R 15, " YT vruntime i 38 M B 259 )5 T 20A0EERE, R Iee 2
FRANBIEHEE, SRR RINS . BRRIBER, & SEREFE, schedule()if
BOl 2T CFS /% 2811 pick next task fairOp& %, MR rpiE T —NEigfr ik
Fe, A IIEAT.

A0 AF A I BT 300G b b &b 2R b, d SR Bk AR G A R AR, W U R R
scheduler_tick()#t 2> 1 Fil CFS i 5 #3117 task_tick fair()PR 5. IXANpRALITIHEAE /2 ARFEEA
FITP R HERE RO e TR R, T A RSB L 2 R (AR EE R B R A Y
ABERE B BEARIZ AT E], AR BT > A R () S Bas A7 B TR RIS A T IR [R] L P ) W
T U L AR o D13 4R L Ay BERR (Y SEBR IS AT I [ I T e (R 3 US4 T I 8],
B R LS AT IS 8] K 54 BA S A 1) 82 /) vruntime 8. 200 5240 =4 7Bk R 2 D)3 4%

i, WP E AL R, SRS need resched Frid, IANANREIEATHE L WA
DV EGAF FRR W], kAT Rk EHEAT

5.5.3 Linux RZ&MHREYIHR

24 schedule(iEH - ASHEERE G, U] context_switch()efi %, 58 RGHFE
o). IR AR AP IR — Ul RR () HhE 23 () 2 D)3l RE B A TR,
£3% W RE AT CPU AT HA S

I k73 (8] CPU 2 g il bk 23 8], AE 305 g i HE R Mg . ix—
W) VE B switch mm()BREGER, HAREIEISTE 6.4.2 b A, BF & ERBN
B il )R AR )1, T D A S ) S T P 28 ], OS2 58 35 0 R E BT
AT S U AT IABE (454, A switch_to() BRI ALSE R «

1. #HERITINEG

HFEARIZATING, CPU & A A2 A A B T BERR AT A BT . SEFE D4, 0T
MBS IR R . FE U i L AT I B R AR A AR I N3 . VR R 5 2
N RIREFRORAE E RIS, R MBERR T UOGRAFIS AT HL S I A BEAS P 2 JEOIR 4K 240 T .

SFFANF A RSN, CPU Z A7 45 ML & AR . 38 5-1 ZIIH 1 x86 H1 x64 CPU (1)
TG A S i

D
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~

F 51 x86/x64 CPU T EEHEFE

ZES x86 CPU x64 CPU Ri&
it FH % {728 eax. ebx., ecx. edx rax. rbx. rex. rdx WA, R
e esi, edi rsi, rdi R, esiv edi 2%hEH
i A A48 ebp thp JHH, ebp f7ISAR L
W A7 A2 esp 1sp WA, fFIRRRET
I A A A 18~115 M, AT
B cs. ds. es. ss. fs. gs FINB AT R Y]
a4 il 25 77 2% eip LI N — 4454 Mk
Pris AT 472 eflags IR T b i
P A7 A cr0~cr4 cr0~crd. o8 FIARGI2ATHC A
ARGl A AL | gdtry 1dt, idtr. tr ISR GRS Huhl:

x86 5 x64 TN EZEX LA E: x86 M ZFAFa54E 32 ALY, 1] x64 [ &7 7 A&
64 L. T I FAHER, x64 28 64 LI T A A7 A T T4 s e IIAG 32 4247
AlEN 32 Al H 25 A7 a%, % x86 M A H . ARUA 1, UL RIIET x86 ZRMy kA
BEREMOPAT IR B R 1Bl 72, H R S e AAGE R T x64 R4

HARHE, 78 x86 RGiH, HEFERIMAT IS i LR P 20 i il -

(1) SFERF ST FR S .

SR PAT A S A A TR T A2 28 . BUdi et TR L& A7 2 FIBR G & A
5. XEET AN T RFBITIITNIES . Hds. HBEFREEGE, BN A ERE
HIRAMPATIZRN . RAOFRX A B AR P RATHE . i FIETEA S 5E0E
FTHAT I AR, R AT A . i, ERP AT esp foH AL,
EOE T ERA N, oL, SERERZET AN 7 B0 e R AT

(2) STEEF ST IR .

5 CPU E{EMCINZF A e bR is i A s . TR A7 7788 DA S — 2 507 s v A
CPU i E M A A 8s . HANAA 28 CPU il M) R4 LR X, N fERR &
GDT H1 LDT. i) &7 IDT FATS RSB TSS. IXLEFR (¥ Mk (R A7 7E 7 G M kit 25 A7
e FRATIIXFL 3 B AT B, ST MBI E T SRR s T A 4%
P RFAGWE, WHEASTER S PPATHEIG, RS argeR A ¢, B3R )4 i
T BB E AT IR B

2. #IENGHREFESRE

FF DR AT IERE DN 37 (1) 1 Tt e P A2 AR AT UERE IR TF task struct H 1) thread £58). W
B F A i, R RPHATHEE I s thread S5 T T A7 BOBE R, RIAEA:
PATHRE I .

D BIFPATHEI D)

FEFF AT B LI D)0 A A AR e R IS A TR AL 4 I o R DR o BT sl 2 490 0 PR 3E
oS, B P SEF IR ETE AT, CPU U1 BIAZ O I FE AT A1 85



B5 5 HiRE

YRR [P AR, AR R A R LA B R B CPU, B R RS T ) A
FEFHATHES

PIH R AT RS PRV E EH ) TSS. TSS 42 B CPU MR R Ge 8 s X, Horh g
7T R BFE O R EEA 8 . A Linux (U PP 7BG B TR
EeFRETHIE esp0 F1 VO BRI . MEEFE M P A&FE N LR, WAZ el TSS
1) espO SRefiff 2 %IRRT W AZ AR ik, AR5 FF AT ORAF B RO U 4 1 . TERERZ DRI,
TSS HH IR IX A - Bt 2 i bl 35 e

2) MR

WERE DN A AR A AR FO N . BRI B AT AE AR O, BT LA BT IF g 3F
FRIFEF B 8 CZE & A A A, SEFR D) ) RSy e ) AR R B aT . A
P3G, fEIR A ) AR K S, WA CPU (R A T H58 &R 4k B itk
FEHT

BEFE ) 3R 1 BAKSE thread 45K)5E K. thread TP {RAE T T B ELZ GBS, &
MW ZANEIRAT T esp Fl eip AT A8 1E, 1E MK BT IR {E . esp R RIBAT
I[P N AZ BB s elp AEVKEZAT I S 4 d 2 Mokl . EFE D) G AEAR T 122 FI A thread
) esp KV N E%AL, FIH thread Hr I REAF I D14k CPU [REFFHRATIALE, d5)a IR
thread "' [1] eip 5| FIHAFEK L IZAT-

3. IR IR

n BTIR, switch to()EEMFI A 2 V)4 W AR CPU BT 137 . 248 CPU A&t
M A PATH BT PE B 5 — DN PAT IR — A 2R, 1K B ] i B 3 2 AP 3R
WA NN, B AR P (Tl RE . FEBAT DI BRI, A I PSR
W CARAAEERANERT T, B MBI O Lo R AR A7 75 S 1 W B kA
thread # 7 CGXHEFAFLE B SR A RN . LUTE switch to)#ATH B T A
(1) 2R AE D IR

(1) W5 TIREER B2 /E88 (eflags. ebp) MIMEIEA A [N T,

(2) BNEARFRE esp AT A28 IMMEPRAFS] A 1) thread 1, ¥ B [ thread HERAFIH
esp THIX B esp AFAFae T, IXFFRLTERE T WAV, tH T CPU J&illid A Ak )
thread info K17 ] 24 H BEFE IR 75 task struct K], FT DALY TR CE N B T .

(3) ¥4 A 1) thread ' eip HW A MREER “Frid 17 Huhl. XJE A KEIZATING

(4) ¥4 B [1) thread [ eip EEAFET . T 207 B 2 switch to()¥ R, T
LLIZAS eip S FEAS DI A (30 W E M “Frid 17 bk,

(5) CPU Bk¥E 3 switch toQRREIN L, FFIRPATREAEALE (1 D). 1% R BOK et
AR EF AT A T MERAFAE A 1] thread 1, SAJ5H B 1) thread 711N 2855 CPU 1R
PATIAEE . U B AT O ST, R [,

(6) JR[AFE A WA ot R [l b3k 3] eip 2547 0% XAV HBHERE 228 (4) D NHI “ R
id 17 Mk, BB PKEEATHE AHbdE. CPU BEELEL B AN AT . AR IR FE 440
AT B, IR R AEEE (1) DR R AR AP A7 85 . TERURIEZ B

19
——
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ke, FTCAMKENZ B BB RIS (D DIRAANE. D) fEg i, i
7] schedule().

DI SERT, scheduleHEAT & AL (- BEX) A #HT D ERAEE, RFH B N
AT R IZKE B MEFHATHYEL, REIH )56, £k CPU O 24T B 1)
PATHES D, T2 B IKKEIET.

W B & ASH A AR, ST INTEE R thread T ¥ & eip (A2 fork()ik 1] 51
AhIFE A bk, IR B OB T IS S bl . R DR SR (6) R HAT I IXA
MHEAR AR, BRI T (6) Pt BARIE, HEIEAN schedule() )45 A AL BERTEL
SRIGYRE IR A 23 6] AR R Iz 1R 2 b 20 B /LRI IB AT IR,
IR R ARG eI E e A Ak h AR Pl . B B BJTUR T &M B IKIZT.

5.6 HEMNERSERST

ZAURLER — RGP I RAAT, HERGERE, B ENIARINLAETER, Mt
REMEMBEAN G A PRIEREREANR T8 4 DU 3 B R AT SR, i ERl
P BB B2 o IXF T Bl 2 AR I T S A2

56.1 HREWHLAXR

FER BRI R 2 = A TR I S R . HERE Z TR 2y X R A PR . —J2idk
FRIIFELL , BUAHOCRERE UM E 7E R — AT 55 i S L Y R G &R Rl R iR,
D A ] [T 5 4 R 49 T U050 1717 7 | A P ) 22 I 29 5K 2R

1. mARAEESIRRX

[ DU (critical resource) & KO AVF ANHERRE A Pl Bilan, L5947 E)
LAt AE —Phle S8t i 9 — D REREAEFT BN, LA BERE 2051, 75 W2 Al S5 R 1 4
HRAE . HEANA. b, SE s SR B AR Tl A .

I 4t¢ Ceritical region) AEF2)7H Uy [l S 28 YR (R I v B R0 I A X1 H 1 4

AT IR B e HIEFRIBATAE IR X Z AN, Al sa g 4t i =i
ATAENG AN I, B0 AR T A BRI, R B a A e R A 1 i (] — % 9 1 I
FrHX o

76 5.0 WA T AMEEG A AR T LB S-D. 2 AL B AN EFE
IS BT s C B sl 2 AR OB A5, (M C & — AN YU, iEERE A F B e C
R B AR A G A DX, W&l 5-14 fios.

2. #HEMNERSESHH

DAL= 01 S0 U S SR IR (MR A2, LR TE T 2 AN ERE UG I % IR (P VR o AT
SR X R R, SR R O SR B 2N BEFE R 1) I S R, I LR

PRI L (mutex) ) B2 58 1125 AN ERE (] IR EA 2% 007 190 [ — I 7 B U5 e 51X
PAAR RS A D R Al AR T o DA 4 4 Ar v S o, bR A JSATPE A I 7t
XN, R B ANREHEA B IR ST, 2R, HE A BIF A Nk SX )G, B



PoE HREE @D
T

Process A: Process B:
{ {
s
read C into N; i 57 5 ﬁ read C into M;
HEAmERx  NEN-L C M=M+1; HEFEBAIG 7K
* output N to C; output M to C; *
} }

E 514 IFRFESEREX

A AHEAN B G S X IEAT o

HEFEMIH] 2P (synchronization) s&iRIEFER A GAESER—AME S M H AR P2
e B, PASEERE SRR B — b s, BERE A JoXS — o Bl e T R AL B, SRS
WL AL R B O — DAL . XA FREIRIA 2 0K, H AR AR AL FE e e

U 1) 5P X A — N Y (R HERE [R20 () . 22 b X2 P EE R L S il LA, 2 —A
EFEAFIGE PR IS, 55 — AR IEANREIRI B U5 ) 1) o (B PR IERE 2 18] FF AN A S 1 517 H
KRR, MR ELOESIN R m 22 ob X . BY, 220 A SRS IXTERT, B 2z
MRS, HSBEELM— %, ARthIES L2 RNl EH#E. Fin,
A RN S, B B R R RO A X, A AR 2%
WX R GESE, U B Xiea G A4 RGN

Al LLEH, [FRBR R G2 B, R AR R D . T S, B
SR 5 A S bR A — PR [P HLE

3. ER5RITHENAE

SR RSP TERAZM, ERAERERSGTIRRZ NG THRE. &
FeBOME 5. R TR R I 5 SRR, e R R S i () S
HAANA pEvE . BB e R 2R s Bt U T 0. B SR LT it &5 0 YR hn/fig 4 )
JrAORSEEVE U ) B, R EAR R (5 SRR B R B S R I
Hil, FEHFERENIFD.

56.2 FSERDYIH

{5 b IR RERE [RD L. AL Ryl i gle) V2 s SR vk S Fh B R S
[F] 25 )

1. ESE5P. VIEE

fii ‘5 (semaphore) & —PMHEEAVARR s, ENREAIGA RPN EE, RAaZRHET
AHEH . s KT 0 R GRER, s BEEHER AT HEG s DT elidET o 1k
AR CAHE R, s AR A S EAE AR M s () R R

fG9Eg —MRRIAESR, AR MRAE AR DT B . XPIANRIED
TFEHA P HAER V #R4E.

P(s) Bz L s s=s—1; if (s<0) block(s): -



@/  Linux IBERGEN. [RIPSWA (B2 hk)
—

VE)EVERE LA s=s+1; if (s<=0) wakeup(s);-

P, VAL FHE, e st T R E AR B . Py VOB B A
HEREFETERAE. P, block(s) AP R BEFE A H A EIRRE, NGRS s THIE S
wakeup(sSHEVENG s AERFEATN (1 BEFEMLEE, K N 25 BA 1 o

P(s) B AE I HIVE DU so PORAEAE DT YR IK n R 1o b s 2 9%, Forwe
WEATTHT CRO e A AR A 1D, W IERRAE Ry . Wit UbINy s 5 0 BE2, &oRBEin]
., WRZREREUE NG - X 24T, AT

V() BEAEHFRACHE IR so VFRAEM I AT AN 1. Wikl s 2 61358k 0,
TR URRTE AR LRI, WIS S e B S5 (R . R E s J&ESL, TRl
FETESE R TR, IO A AT e B 45 A

ZEBIRUE, AEBIERAA 3 A (s HIER 3), A5 ANEfftkt. fxiEHn
PEFFIE 1 (P 3#RAE), EBRPEFEN 1 (VB $ZHUBF, [ 3 A A4 IEEL,
Bt REMRfE R 5. 3 IR BIE AR R 0, 55 4 5 NFHER KA S ISR, Shi
(PIEEAFAR =2, Row KB 2 95, Wi 2 ANTESFr. 25, 3B 1 N BaEAE -1,
BRI i A A7 ATEERF S, MBI AN 4 NI, FFE, 255 2 NeBEEFER 0, WEE
S NS 3 N EA 0 1, Fon By Nl 2l T .

2. AP, VEEXHHEER

W RE A MIEERE B # D7 Rl S 5508 C, ASEIE R UTIA), 520 A3 C W&
—AME T E s, FMER 1. HEEFRISAT Bm A X UL DT, SEEM P(s)fE, HITE B s.
HHAEAT R T X S5 R AL, ZEA V(s)IRAE, BBV s. BEFE A FIEERE B PATIHRE
W 5-15 fros.

Process A: Process B:
P(s); P(s);

read C into N: read C into M;
N=N-1; S M=M-+1;
output N to C; output M to C;
V() V(s);

% #

B 515 AP, VE{ELMHAEMNER

HF s AR 14— AT PG ARG, s MO 0. 35—
ANIEREAT B PYBAEI 2B, s (A48 H—1, MATTMLLE T3NS 4T o 24
R U TR T V)IRE, F s=1 FORBA RS R Y, Pt
i =0 FoRAT— MIFAE S PRI U, RACEAIERT, (2 T LU A FLKE AT
SSCRFRLARIE T A MR S PR M 7 o I S 0B 0 L RO 1685 51 73K LU 135
BEAN TSI R P A AE A5 — 2 T O



B55  HiRE

3. AP, VEXMFRERED

R R e e B BE— T T A, A hIX . e — U C g2 mhIx
AR, RS NERE D NG X A, RS R A e ke . X R
Tl SO, XA R AR UM A, RATH R 22X, T PV ERAEKTE
PR . KR TAERLR O “A - e 7 [RP I vA I R

WEM X BRI — 2R gE X, me " ZFnX; 51
JERAT M, L A3 R IX . RN EATRE —AME T R s1 AR 1S
SiE. s1=1 IR X ECh 1, s1=0 8~ B AT Al g v X s s2 J& 7] 5% PRI
S, s2=1 RRAT S X ECh 1, s2=0 I RRBEA TSI IX . sl AMEH 0,
s2 [AIME A 1.

P C AIEERE D P ATl FE W B 5-16 .

Procrss C: Proci:ss D:
P(s2); ol 2 P(sl);
write buffer; read buffer;
Vis1); Vis2);

# J

B 5-16 AP, VIRELIMAENERLS

T s1IAMEAE 0, 2 IUWMERE 1, MBIt AT DAl S x. BEFE C 3T
P(s2)F] LLBE NI T, [ ZEpP XN, MTERE D fEHAT P(sDIN s il , b fRiin
TG R BRAIN . WWEPE R EEL: 2 CBWEMXE, PIT V(s)#AE, D
FFLAE N E IR T X BEAT 2 o XA 72 D RGP XN, C B3RS Tt B4
FHICHAT P2 FLIE EHE AR SRS . 2 D 2322 X )5, AT V(s2#§AE, it C #3LA
BENE I A X AT SEM X ERME. 70 C S Xy, D ol & s, B
AT PGP EREA R FHX o IXAE A ORAIE T P BERE B A TLAN SRR, A3 AT U e 2

b RIRIUE AR “5. i B ey ARSI “Ye B i Gooeen” B
oo B e L Gy e 2R

5.6.3 Linux (N SEH#

7F Linux REFAAERFME S BIOEIHLE], —FoRE0 RE MG H R BCE D,
NS S &, D FoEdt A g A .

W A RA IR, P 2 REEVRIRHT R T I A0, ARG R B
SR SCPE WA GRPRIXAE . B I XL YR (K 3E A S EUE R, NAZCRH TS S R
PLifle WECKHS 5585 Uk semaphore 5 f428 88, Hp 3T 3 M FB: FIBES lock.
PR T L count A A Z BRUR T 25 DA A wait listo A% [RIE A EE 0L T B R IX A 5 &= 11

23



Linux JBERGEEN ., RIPSMA (56 2 k)

JUANERE, o down()F up() 7 B N+ P ERAEFI V 4:4E . QiR 7EX A1 oh PH 2E 5%
e 7 HERE, #4x i schedule() Bk ¥ S| K — UG RE I .

F P HERE A4 P 2R 4 0 Ut I A T8 e A BRSO SR . X A% pR B IZ 4T
WAL G5 BHHTRRE, B SRR L% B O N R WM B R S5 FD . R
AL T A O S KRR AR, a1 T i A o B es . SRR AT Y
IS AL X2 E A NI S EVLELURTE AW, JERA iR
g mAEn.

N TR PR LN RS FEDP B, Linux PLUEFREAS 10 7 8Lt 7 —Fhfs
SERAVE, ERANEGE SR RA . BTSSR R S A (1 RS
AT : semget(), HFOIEAT S &; semop(), HTHfEf S &, WP, VEIES: semetl(),
¥l 5, Wy, B iR nT DRI IX JLAS 22 40 0 F X6 A s SO S 88 9
W EATE RS,

5.6.4 JEHin)A

PEB (deadlock) FLHfRAET 2 THERLRLIL “ EATHE™ 46 HER 75 7 43 1 10 V61T TG
WA AR AR P T, SUBLSUR S PRI, ELETL FIATHEAL.

VB AL TR S T R T S ST R RS R . —
FURAER, LRI 5 MR — s JL AR, R AT R
SRR RTINRAF, BRTTPEUR A AR K IR 22

SR TR R R RATIR, T0A RAE R S S S AR EL 2y . B
YIRS, TEM O T, B ATRE M DUSERN. Bl 5-17 250 T el RAER
1 FIBATHSL.

Process A: Process R:
| sl |

g P(s1); g P(s2);
ol oL G oo
1 . 2 .
i P(s2); 58 m P(sl); ﬁ
X L Vst % : X W@;l%

V2 UK Vsl /[

# '

B 5-17 FRESBILHRIERERAR
A. B WEREAEEAT IR P A E AT P A I F B 7 P HERESRAT IR I 8]
SERETFI, WA RAATAT R AR TR 7 A BUXAE PG . 27 A 7E
1758 P(s1)#RAE ST HEA BT 1 (IS FFPEAT, (HIEARIAT R P(s2)#R AR N A A T REFE DIt



BoE HEEE \D

HEFE B TFARIZAT. JEFE B HAT5E P2 FHEA U 2 9 RICET, 7EiE17 ) P(s])
BRI, o AR A (VR0 1. 5 T BIUERE A BT, R4 5] P(s2)
ORI L R, 255U 2. JLITPEA R A A Iy 5 A IV, BV T
AT, DT B REE B, B ATEBUR A

STREBUIRER,  nlLUFRZY = RSB 4 A B 4 fF

D A . SR S A2, R A F AR I T

(2) VU AR o VOO ELAM RO RSB IZE, 50,05 I8 2 R

(3) S0P VBT A s 39 BRI U T B PELSE I, 56F L2 o549 B A
AN

@) RTINS, AR O SEVR0E, 10 S0 B R R

TR, U L RIS 2 AR, AT N, A TR 1
FRAREF, HEVER V BE SERROAIE, B T &0 20 I A 70K VAR 2 HEFLIER,
PP LR, R B LRI, R T AME 30 BIAERTED AR,
SCEEA T AR U, TR T 0k 4. it 2608 B — e it 9 5 T JE 81
R

RPRTE S 77 R AR R TR L B2 —, it

D T SR T IE 5 KR,

(2) Rl (ERGEAT BRI R TER A fE, I LR T.

(3) PRS. PEHURAER, kLU AR TIE B AEHERE

U TR KR0S, S TR M BRI P 3, B P e . (e
SR 71 2 S SR SR FE VL 05 S5 43 KR FE A0 S H T S0 FE 020 7 L
SBEA T A R FEB O h DU R G TF . 7 T Tk B AT R, S8 LA
EREIEATAEN M. Pk, —BRGRIS 073k, MRTERAR, B
TUSEBR A B F AR, FAM R — A LA, SRR AL AR, RS M SE
BRI 3K

B I 4 T A (e M7 (EPE B TR, UNIX/Linux RZ BB, (2, thFad
ROUEIH1E, UNIXLinux R IEHORIUGR “ 995057, BRSO RSkl
FIERRAEEE, 2 208 . X AEE A FER I At i, A A 28 MR L CK
YR TFHLEAR A 2 0 . 0SSR TR S8 K 00 227 T KA 6 25 1)
M.

57 # = & B

HERR 8] 8 S ELAR B2 A 5 VR 77 B s AL 6 45 B . AR AR BERE A AR B AT
Mohik 7= [ B AT, ik E T R AR AR . Rk, R () AT B N, A
AR FF R € 1 F B, X2 AR S . BEFEIAS (Inter-Process Communication, IPC)
e TR R R R 7 B ARG S B, DI — AN EUE, 2 00E— Rt s .

ASEME RS, #EMAHGESEMEEY, X9 LR s, Bk

S



@/ Linux BERGENM . JRIEPSWA (562 k)
~

FER DS B Py V14, (AR B TR S B 7 Z0uk, BT
{5 AL FRTE I LEAT IR UERE [ EA T 1P B S B A H o IR L8 P I il ) (R J0E R
AT IIZAT, A2 U E AR, SR SEEIUE I AR I A AL B

571 #EBEHAR

BERREIPGEGE A 2 M, KRB A SE. 59 Bl HEMEENLF
L.

MR B Ok 4y, BEFEIEAS 77 AT LA AR GG A5 R s S0l A PR 2. IR0 fE K
AL/ EAE, H T EEN T A gl W AT DU SRAEERE 2 (A% 3 KA
15 B IRGGAER 7 A ESEAE S, S20UGFERITAHEE. BEMEENTE.

SR IO R 7 Aok 4y, WREIEAS X kR EAE 5 R bl s w2 . RIS 24
WAG AT WERE L A 2 S ARG RS, P A R TR o X5 ST s,
KT LRI A2, [RIE AT R . e A AN, A 07T IR 3R LR A B, S 1Y
KIETT AR B ITHPIRES, KIXTHakstiztT. Blor AL AERT RS, £H
LS F TRV IS S Sl o 2 30455 7 =l () 0% v 1 A, AN a0 S0 o ] I 28
FHEMILENAEEE T R, WS HEWE T P

IARERAE REE ACAR A T 2 Al S pLH . IR X LegLE], P mr DL (B AT 5
KRR, S22 AR 2 [R) (R AH B AT 54

Linux 54 2 FFLLFJLFF IPC AL

(1) {5 & (semaphore). {5 BRI NWEATS YL IPC {75 8. IPC {55 R
PSR FEE S R KPS R E R 5.6.3 1.

(2) &5 (signaD. {5 S 2dEREE Al BAHACR PR HE B, — B JLAS A5 4
5, WA A FE A 59 8 TGRS, (LdmfE R, HEk
Linux H#FRERAERAR FHEEGES), WEANHERE RGBS MRS S .
REuH A TE R RIS s, H P War UE CH ORI 5 okall 15 2EFE
HEANCEFIR R E . KT E SN 57277,

(3) 18 (pipe). EIEEEEAANUREN — MR ASmaEs, — MR EESE
P, AR TE A, ST IERE 2 (0] R AR s . A TE IS B AR R,
MR, WEREYLE, MR, STHEERAAR 5.7.3 75,

(4) JHEBAF (message queue). ¥ B AL L5 IIAHE, ¥4 EBAF A i B B2 K
(YR CBA B o JERE 22 ()38 ek v S BAFRAR 8 KL A7 B AL PR R 2B R5 wT A 1mg BA & A i v
B BRI A LLSSE S R . BEEAFRZ, X fhaPpiE
Jrae R AIE T BIE AT B BAAT, ARG AREEAT: BoROE R A IE N L
HEBA TR A AR A SR, HEMAIHEENERRET R, et
AN . SRR, RIS ERLN, EETERA BT IR A e B .

(5) HLZENAF (shared-memory). JLZZNATIAS /72U IETE N AT Th FFRE— BOAT Rl X



BOB RS

FRIX A XSS 8 2 AN ARR I Mk 2= W, AE 7S 2 MR ZFRR A WAFIX . J0E XU HA%
T 5 AN At DX B AT AR B 3L 0 H 1 o L AR DOMAERERE A k=S,
PR o T e bR, B AR RGBS NS EE WA, SR sl T SE RN 1 2 H4fs
WA BRI TPC 2 B, R lid AR R SE 8 . (He
AWERFEZEHUR], o A ETE S BB R BORSEIEERE M 20 . Bk, B2 i,
A R R

AR IS4 Linux (K655 A8 TEIX P FOE 5 FLHNOBES 5 SC B, XF+ Linux
RGN AR, 1WA AR £y U nT U A B 2R S (B A T AL ok
FHRIAF I TF A KA, BN 2k — 20 M2y ST RN 48 T0Ad JLRFa £y 5.

5.7.2 Linux ZSBERIE

5 i3k H UNIX R4t &1 IPC Pz —, F+7Elbfe 2 itk b hilfs 5 .
{55 B HRgunfs, HERaROnfSE A, e —A R A B b H#A5 S
[KIRET)

1. ESHEE

fi'gie dlIEEE . AR WDE AL XA okl s, AR R A T
fll, M P cultc BN, MardFRER SRR ME Y, WaedRigir. T
TEL5 TR 4 F G S0 A A AR

Linux 5408 X T 32 MEALGS, 5AMEA 32 MRS . R 52 5t T8 HE
SR ERN AL B T . kill -1 A4 TT BLBI S R G AT S 5

F52 Linx FHESEX

=SE =5 B & il
1 SIGHUP im it A bistT

2 SIGINT kAR (Ctlto) & IEES & FigfT

3 SIGQUIT kHES (cul+\) MEIEES KBTI
8 SIGFPE FRREES, BrRETHGFEHEY R 2Lz AT IR
9 SIGKILL SERNESHRIBAT(R S, AR LlkisfT

14 SIGALRM B i 15 5 A bistr

15 SIGTERM SRIBITE S, ARSI & bisdT

17 SIGCHLD TR KRGS R

18 SIGCONT WRIEATR S, EiEr Rk aialT ARELInAT

19 SIGSTOP FHUEIATE 5, WE H SRR EikigfT

20 SIGTSTP kA (Ctultz) MRS ks AT

T Befil (dump) JESRAEUERLIE B 7= AR AE SCAT (core S0, HEIRIRATH] .

2. Linux BYE SR G
Linux R4 115 58 FU 3 B 25 00025 5 A ST signal struct. fii ‘5 AL HL ik

\
——



Linux JBERGEEN, RIPSMWA (56 2 k)

1 sighand_ struct BA A 5 BAFIS5 ) sigpending, {5 5 HiAS5 Il 5-18 Fras.

signal struct
task struct gna

e sigpending  sigqueue

J wait_chldexit |

. e . e Ehsl e o AR E [
signal sigset_t s'}.rflred_pendmg ~ (A {55 |- L E 50T

Jo

paill

~—4 sighand Al e

blocked [ 1‘5'-@ S EE e | =

Pl N B e (55 [ A BB

- ~ -
pending | ————— —7 sighand_struct
o] sigaction
action - = e

] action Tl T sa_handler e—= {55 40 B

action[63]

[#] 5-18 Linux #iERE SR

RIS SRS ST . 5SS A FER, L& sigpending
ik, HpaE T —AMESAE . MG SRR b 7, Gl e] DA R
W TR 55 . BAA IR 4h S sigquene gk, BN AGA R — MG S TG R, B
MR —NEH CRAE G5 AT, BT R — 3R A i R e — AN A S BA .

5 ‘iR 7T signal_struct HlFid sk FEI(E S LG5 2, Hedr (1) shared_pending 233
FRII A5 5 BA%1, wait_chldexit f& 4% wait() bR &It PH 2 (3ERE (K58 4 A S, 12 BA A 1 e
FEFAT RS T HERE 45 (5 'S5 SIGCHLD. {5 5 ACFHIATT sighand_struct 75 T 17 KAH
AR PR A OCAE B, Hoh [ action[ B i € T AAME S AL A L, BAME SRR
ARy I, DME SECh RS Gl X B BT ) sa_handler BRIV Al 75 S
1 PSR

TEUEFEHGATT task struct AT JLAME SAIICIF B, L1 signal 48 m) {5 54
IRTFIFREL, sighand fE38 10155 A B ARTT 19364, pending & dEFE I FAA {55 BAAI,
blocked EFHZEE S, MW EZMHENE 5.

3. EERIIEEEE

—AME S BB b B S R TR B AN B — NS 5 74 (generation) BB,
BUTE B b BRI 55 A — R 5284 (deliver) BB, mURRP= A4 1015 5 2 4 b #

D 5548

G g B R A AOERE AL E IR EoR S SRR, W
BH LK 5 5 Ak eh HAn i RE, Wt R AENEME S, REEs H A5 S5 FF
Wb FE

fa T Al LA BEAN AR AR, el DUABESE T =2 o PR AE R 48 W s a0 1A ik

MATE SR, WAL S A AT B ORAT 2 HARRERE 5 BRI b AEey
RS 5 ORAF AR ZE AR, AR SR e BERE 5 5 RIAAERAT BA B R . (RIS



55 s

(B A BAB R I —AME S 45 5, FFEBINGE SR bRidEfE 5. BT ES2
S RGEN], HEREFREA— @ G BT AR . VPR IRAHE TN S, VR IE
fr-F b # A 2 55 . X DR AN S AFHIE & A BB S KA BRERSS
(pending signal) .

9 H R HEFRAS T (R AL FE M 5 AT DO BRI 26X ANMF 'S, J5i02 ] sigprocmask()
ARG EG SN . (F 52 R RIR T 1Y blocked 17F, A% B A (R AFA 0}
=AM, A1 FoRiG S YL E . MR IEM S S R R A R AN T A B, L
PHZEMERR . 3%, SIGSTOP 55 Hl SIGKILL {55 JEAN AT BHZE (Y, blocked 17 FEl % EATTAS
AAER

A HAE AN BB A5 BB ZE (), WP B2 H AR RE A (5 e b Bl . Sl a7y
AR HERLY thread_info 5k Th i E “&4E(55 " bR (TIF_SIGPENDING Fr&A7 ).
QR LN H AR HERR (AR BE e . (s Oy s, iR RIS AT I B ap
REGEA, AT SR,

2) {F5 1At

fH S IR I PR FEAS I SN S AL LA DR

R —ANUEFE RS DA O IR I P 2SI, A% A A0 A iU R A AT A B 1)
459 (B TIF_SIGPENDING #raiky 1), Ay, WFLim, st [ m vk
0 do_signal(RACEIE . A RRR WAL BESE SRECE AT UEAR IR B A, st
HEFE R 5 06 i 7 s 5] — AR L 1ms R B B 380D oAb AT o BT B AR A4 (10 3R FE S
WAZMCEE, ZEFTARIZAT RTINS o ANaT o TR IR S (R AN 2 R A 5

do_signalO)ff] TAEBLZ K415 5 MAE 5 AFIHEREUH SR, AS A 5 AR e k47 Ab 2
PRI 5 IR N S S P B %05 5 45 0, TEBR(E S AL E P X NI E S0 2T
{5 S 1A AR HE IR 575 action] B4 #R 30X B (1930, BAT iZ 0045 502 110 Ak HiL4:
fE. RIS RO, HF9EMMmKHAT. — MRS ZIMEEMGY, 4
T4 155 A AL #E5¢ )5, TIF _SIGPENDING bR & #iiG s, #EFEA 2R [0 ) 4

3) {5 AT

5 5 A3 75 0o A LA 3 Fofre

(1) ZH¢ Cignore): AEAEf[4bHE,

(2) ZRIA (default): T PR (19 BRI AL BE R AR A A 5 .

(3) #figk Ccatch): PUTHFE A DB NI TR AL

7t action[ |24 Wiry, sa handler “FBHHRE 1A RNAS S AT QA AL 2 R 2L, mT DAE 22
% (SIG_IGN). 2R\ (SIG_DFL) BRH F7 2285 (455 Ab BRI o T P Ff el P % e b B
Ji — T DR B A OB, AT SR B S BRI E PR I N AR . XA FERR A
fili 3k

AR ) ¥ B 1%, sa handler 4y SIG DFL, 252207750, Linux XRS5 48
B TERVRAE (L3R 5-2), ZERZ b RS, D% (i SIGCHLD %5) 2 2% .

2%



@/  Linux IBERGEN. [RIPSWA (582 hk)
~

W AT B B BRI 7 2%, AT LA signal OB 40 0 A SRR B S sy =8, IR
WG B IRAS S . WS EHITS S, T sigaction() R 40 Sk 1 OIS S b B R B

BEFE AT LR sl 3k s KR 155, BA WS SR, Xt &R EEN
SIGSTOP {55 FIA B2 11 SIGKILL {55 . tglad i, XM S L ER A ) 1
PEREAT AL, BPfstbE 2 ifE . B HhE S, SRR BT E, LUARIAR
I (%) H (1

PL SIGCHLD {55 Ao 7F 5.4.2 W42, MR AELEEMS TR, Fik
e A A SIGCHLD {55 S8 3 ERE 1 (B #R 1o SIGCHLD 1755 (1) 280 4L PE(SIG_DFL)
S BEE, BT AHAMN . IXAE R AT RE S I RO s P S8 it Al ) ] DA o
AN, YRR R, SRS AEIE TSk SIGCHLD fii %, REHATHCH
{5 AR, H wattQREMCFHERE . R 2R 37 Ak nT AR F s (e e 70, (FDG)
THIEL 2 I ARG BERER B, SR A o Ab PR T Wt K 5 i iR 45 2R IO AL BE P RE . T
LL, WA AL TR IBEATE 8, nTUCR A B2 775, R signal ()R 20K
SIGCHLD fii 5% % SIG IGN /. 1 a2 nE 5 BRI Z0E (1 X 5. [RIAF 2R A A4
i, BRUAREE G ¥ ol oAb 3 T A5, i b 22 ) 5 A A A AN A %A
S, B N AL, 0T 82881 SIGCHLD {55, WML 1 SR
ETRERE R I TAE, XA ACHERE St rT R [ AR T

4. FSHINF

HEFREH KOS RZE ARG S, BHERRET . LA ] DU kil 44k
IERNFFEH W Kall 4 200 KO R G000y 2 20k e,  &n] BAn 48 0 (R EFE R A
5o X UG AT LU AR (IR 5-2) RiEfGY.

kill fp%

[zhie] mdERE RS S, % 28R ngT

[#5) kil [ 70 #4425

| @rlp

s AERER s 5T s FTLURAS S5 54 . WM ZEERRIE TG54 15
(SIGTERM). 2 (SIGINT). 9 (SIGKILL). #AR4GE -s LI MBI\ M K155
15,

1 P RG FEITE .

FTLLANSNFERE RS, IR HERE RO 5 A BRI B I 3ERE ) XS
SRR Y o

5 5-5 A5 N H e -

$ cat > loop.c #4m 5 — A w4425 loop.c

int main() { while(l); }

<Ctrl+d>

$ gee -o loop loop.c



B ] %

Ief i e AR R T — AT JCBRIE IR RS loop, RIS IEZN T 3 4> loop HEFE. Bl )5
kil dg 2 1 e VAR RS o RGBT DS S RV AT LUE A Is AT &
AER SN Y SIGTERM. SIGSTOP EZ A5 5 (W5 1. 2 4> kill g4 b T84
(FEFE L P ZERF 25 S EE (s 3 A kill #r4), {H Al LI SIGCONT 155 (i
A4kl frA), MMRIAA SIGKILL {55 (s 5 A kill /4.

VI % RGuIEFEAS Z20% SIGTERM {55, W2 H SIGKILL fi5 ‘5 A4 RERAt. i, 224
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1E—A™ bash JEFE L BEH Kall -9 x4, {HIX {0 S admtd 0o . Bk, H kil -9
BRI AR G FEN] g i AT TR ) R, BRAEL SR AN S A

5.7.3 Linux BiE@ERIE

B Linux RGN —FE I IPC L. 508 ol LU RO IE B AN IERE (1) — 4500
5. FIAHEE, —AHEERE T LSOk 75— AR, BT DIZEEFE R
AL R AT .

BT AT LA R

(1) EIEZR ], BEEE R Re s . F 2R E I, SRS AMEIE.,

(2) ﬁmﬁﬁﬁﬁwm mm%—Aw#ﬁﬁﬁ¢

(3) EIEITLL IR oA L, Al TE I AU 6 20 S 5 24 e U B30 1) b =X

ﬁ%mgxﬁﬁﬁﬁxmm hmxﬁ EEFR ﬁ%%%i%x#,mxw
e A BUB LS (I SIS R A7 DX A5 SO S B P A R L
Joh— AR SEIE, O — U, i ST B R A ik '?éiM$h
Z R 2D B A Tt

35 P ZE i A4 Al FHAERIE R “)7 i), Shell 23 k45 T8 151017 I 16 P A i 4 T kR e
SR NMFIE. AT SEE, SRR IE. O RFR AR pipe) &
SRR TE, LS IE RS S SR E T e — .

58 % iz

]I

AR IIRAE R G T, — EUR IR D GRS IS AT (N SEAR AT o 20 4D 80 4E/RH
1], i Microsoft 2 ni] fge Aot 7 LU bR B /NP S A IS AT HRLAT R SRR TS =
T RGUFRPATIORERE, BImAGSI 2N . IARERAE REeh RESCFF R, N
Pk R ] T 2 AR et AT RGN AR Re D .

58.1 #EMBLE

KU E RN A AN R RN — AT Ze R, MR I A R 2D 5 4
AT . BARZ AR AT DL AT, & AR A A KRR SR AT AT o X Pl B AT 28
RIEFEREUFIHZ CPU (AR, FA MR RGEZITE > CPU L,
UEAk, ZREFEIERPAT I, BERR D) Hid B EERE T A 4 2 1) R THEA CPU I H], 5%
M T REMBEARR . A TIENHARFRIERERMPAT R, BIERGIINT LR
IR gl

IACERE RGPLOE TR AAFED ZAPATRRIOLE, XEEHAT R RYP RN
(thread). Z&FEAEFa G FR 1 AT AUSTAZAT (50, AERERE N B — AT . — A~ HEFEmT LA
H— PR E LR, VLB ENRESAR, S CPU T, M R vl LA AR




B55  HieE

ARG B LEN AR, eI AT L S . RN T
AREITE R I BRI A R AR T . B, — A Word EREH L T
B, AR AR BSC A AR, N R REIEAE MO R, IR R
FEIEAERT R AR . W28 T WS 22, &R i ThaE, £
BN BARAEAR ST M o A ] A o X DL SRR Ty SUSEEL N T AR AT AR,
HIRIH NAER m BT A E S RAFR N AEATIZ AT R

5.8.2 #%FESHEMLLE

ERMRG T IT R IF RN R 22 35 70, Wl EEEREZAT
R PMESE AT S5 i, —ASTRER ST DA B, — A TRER A T Ak B
B, ATHEATEEEE, ARBI)E, RN TR FECRT T 2 L2y
3o B A T AR S R TR SO MR FE SR AR FE . PRl 22 1) (9 22 B R ILAELL R
JUANJ7 T :

(1) TEGRRMEC T, UEFE B AE R RGBSR A A . REANUEREARAT B Ol
SEMHCHE A AT % b R TER, WAT I SCAE A . RIS 555 R IEA A
HHCOMGEE, WA — s R AT D I AR w5 R — R 3L
fh e AR FR ) BEUR . AF BEE AR E R I R G AR R R A T W A B AN B T A, i
DI FRRS LR R ETTHE M Z .

(2) 7E CPU AT, PR W EPATIIEEA AN . BEFEDIBIT, RGFH ELRAAA
Pl R RIS AT IR B G B, X EHFE €M RGP CPU s D)2 7Ei
FEN S, R R ) A Aras, AN R Uit , B D)l B AR .
4b, fE% CPU R4H, — AN 2 /NMEFE AT LA IR I 5 2R Y CPU BT, A
CPU BRI A AR, IR SHATA IS I, XU S e 55, 246
P 77 AU b 2 1EFE 7 B 1 50 (103 A 7 M) N

(3) {577, HT2 MR R— N F 0], S22 [l s wn & —
Jo (] A SN ZZ D R0 ik, BRI B 25 2 S B o g [ 300 175 0 200000 ok 2R &8 Bl {1 R ) 30
5 (OPC) HUHIRTER, BARAS[F] b5 A )N 5 EE A Bh o v 5 i i 2 - BB ok SE LA

IR, ZEERRR R @O M RELD MEAAS TR, IR R, AR
Fe—uy R NG i U I ZATS 5L, AR HACR s . Rk,
ZHRPR AN BRTF 2R A, ZHBENHBAAE BN, B, —
ANERFR T BE 2 T BN H . Xt F 2 AR —A 5, — NRRSEERT
Pl v, LA ANBAGEE . EX 7T, 2RI B E h .

583 WIAZEESHFRLRE

LRRENUH 24T TV RETE” 5 CNRRBERAE” 20y, DOME T AR IR A
BN IESETERZ AN AT I . B RERREAN T EE AL SR, W 2R AR BRI 2 5 4 ch T

BB
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~

FEFFTEI o AR R U 1 PN A 58 ORT R FR) T BRI JE A o SV S I Ty e T
S BLRIEAT, (AENTFEMERESF 7 A ZEARK, AT BAist & A PRk

R REFE VIHGEE LN REFEERG 2 . (BWIRA D Lt zE,
WAL BEABERE B N S a2 AR 2R 1R KBTI L2 . WRRZLERFE N
AIRXFER RS, B AR P IR, HABLAR ) nl R B I2 AT . WA
TIHEAEN % CPU Bl

FESZBLIT I, SESLFFNRRLRE, BE RGN LB MR e Bl gk, 4
PAUST R B AL T IR SRR, XSSl T AR B 2%k T 2
FEAN T RSN EITHS, WIS R A3 %, [AIRNEYE T ARSI T R 2
(1R TR 2% 1) 8

5.8.4 Linux R&M%1E

Linux SCELZAR FIHLHIFER IR . MM R, TR LR E M. Linux
N AZ B AT R 2 S B S RSk JR SR, B AT R 0 PR VA R R T T 2R TR . S
L WA AR AR RERRE T, BRI RERE b, AR RN
SEAty - BOREFE I S b (AR 5 S R Linux FRIXFE AT AT B2 RE Ay « 2
EYIHFE” (Light Weight Process, LWP). LU S IEFEN 72U INZFE, A LT
WAL e, SRR T F P 2 AR 10 PHL2E i) i

fE Linux HSEHLS 2R I (SRS AL . D A ZRAR QI — 4> LWP, SREI0 iRty
ML ERE P o i, ZRR I BIAEAZ AN bR AU TP S e TT A2 20 2R I 11 bR B 2
pthread £6F52)%, “E3RAL T —4I5E KR EOR S ILE TR A . 2R [H2D S5 Ak

gk LWP 19770 G SRR R L, HAIL ] clone()R SRR 7GR . 5
fork()ff*J X Jill 72, clone() RVFFE U FH I 2 A5 38— e S 5 b B R PRI 7 E = 1 el . ALt
FEA G WP FRERE I 7 sUIRZE H 2 ANEAE, EAHA B G PID., BEREHEIAR R AT A B
BEERAA B, SR SRR ML = BE . — NIRRT AR A — M A4 (FE Linux
R R BERRAD, Horpsg — AN AR 2 B0 2R, AL PID Ak %2k
PR A PR IS TGID. ZefE41HH IR bl AAT R E IR R, BT TARTE R — R Hdhi £
b AHTLEME, SZHE R A EEST. BT BA R R, AR AT
W), —ASREHEA WAL, hTRARERWIEE, LR YR
JEARER, LA AN ST GERE IR M I A 0AT

15 5-6 3 3)) Firefox W 4%, &5 & 1224

S ps -ef | grep firefox | grep -v grep

cherry 6100 1 0 09:54 tty2 00:00:06 /usr/lib64/firefox/firefox

$ ps -Lo pid,lwp,tgid,nlwp,cmd -p 6100

PID LWP TGID NLWP CMD

6100 6100 6100 40 /usr/lib64/firefox/firefox
6100 6124 6100 40 /usr/lib64d/firefox/firefox



55 HiREH

6100 6125 6100 40 /usr/lib64/firefox/firefox
6100 6126 6100 40 /usr/lib6d/firefox/firefox

$

B ps & W firefox YRR PID, 25 2 > ps v & -L k0 T2 104k
BAMGE. WbfEESY, 282, 3. 4 910 Al Zefibn il S LWP, 414riR5 TGID FZkfs
BNLWP. Z59 505 6100 SRR LRFRAL Hiv4T 40 NEEFE, REAERFESAT H AW
LWP FRifls, HULERE 6100 526, BRI 6100 #i A IiX /> firefox 24 11140
PR . e AT IR P42 Firefox.

ARFEHTTH AR AT CHEFE L& vl LUE 1R 2 PR 10— MR, Bk fidl 2
B —NEFEM B o A RN S BRI R 2 G ] F 2 R &2l ks b, Z&FE
PAEVFZ H I ANRI A — AR AR, B, H kill dr 4w — AR LGS, {5
o NZELFR LS S B\ 41 share pending, [KlIb3EANE 2 41 HOE UL B A5 5 €200
it AR AT Kill 6126 fir4, W Firefox 34 0CHD . i1, ZFEdlvhf— A pk it 2%
WEJG, FAP IR AR, W THFERA S AL, E “dk” gt
flose A S 1 SR Rk, 25 ZEEN R RN R M 2R R AN & Ze FR A BEA T HR R (103,
AT RN LR T MR Biltn, ZR AN R RIS 5 N AL
tkillQEL tgkall) RG], K5 STNZLAR AL (S 'S FAY1 pending.

] il

5-1 A 2aRHFE? A AEGINIHFERE?

52 HERRIMSEEASSIE R4 7 B SIRFN B 42

5-3  TARUERE M FE AR DL A R AR 1K e 4k

5-4  HFEEEHIHUAIE AR A2 Elw AR N 72

5-5 AT AR S A A RIS TR ? F T HER AT U ) R 4 B

5-6 7 HF Linux JEFREATIN L & DA MELL 2

5-7 BRI D RE AT A?

5-8  Linux /Wi GUEIEFEN 2 SH R HIEARM H IS4 2

5-9 ] fork(). exec()H! wait()FZe 1 15— ANl MR FL R o ACHERE Gt — A TR,
PAT date 4. TUEREZE )G, ACUEFESH TUERE PID FUE 5.

5-10 faji& Shell 4 T4 J5i 3

5-11  HEFREEE DhRg A T4 ?

5-12 AP At Sl R ? AT AR ERAT BEFE 5 2

5-13  Linux HEF2 IR 8 0N A7 08 LA 2 2 200 3t A 53 T OB Ao 8 58 S s 2

5-14  HLEH S 5 NS X 0.

5-15 gl R b FRAH LI 1 I R A A 2

3
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5-16
5-17
5-18
5-19
5-20

IR A S HE P s i i R WA i 2
A2 REFEBT T A FRAN i A R SR A AT A 2
HERRRAT LA TN IR AT Adr R ?

fe 5 AT SATWR LR ?

fraRRRE? BWIZAE S R



F i EE

FEFFAEIZAT I A R AN P AR X T ZERF A RGORU, WAF
I ELRMEAFE . BRI, THECHLI A7 B AT RN, IO 220 A7 R BT L)
KRR ABEREN AR 10K AR B SS R S BV E BE R RN AF 9, (24
BEFEREUSAEAT PRI BAE il 2 () N 347, 22 Uiz AT

6.1 TFEEIEHLA

PRAE R GETh A E A A 28 T OOl A7 LR, e ST A AR I A B T
5, ARG E 2 5E I LA 4 A ThfE:
At S 1R 70 I
£ L P AR 4
A AN PR AP
ZER Gl LI E /o

6.1.1 AHFNPESE

WAE T BCAE M E AN RGMERIZAT IR A A28 H], A AE RN M REIEAT 45
Je IS AT R A S 1] D SEBLIERE . ARGURER FFC S AT A7 73 A AT 5
Dl TG e RSSO BERE 3 AN el W A 4725 1)

FEAd IO T SR E T A A3 18] R T AR AR Al o B0 RIS R e A
PEREATIRRIEmT . 768 200y 5 R BB LT #8352

C1) AFfif o IR R G5 o ZR G0 R AT RO 45 W SR A0 241l N A AT A 0 A
BN ARG,  BAFAE B A o AERRIR I MO R B RAR 5, R GT AR AT N (e
R L H A 4R LA R R 7y o B e e i 45 2R

(2) AN RO SR o FRGTHGHAE WA AP S0 B ROSTI BE freiny A2 2
FERVIZATER, REFE IR A7 A1 -

6.1.2 7FfEihitacik
H1F P78 4 5 R B T IS A s R 70 N A P (K LR B, T LA LRSS 184k

WA TG RE . MR AWNAE R, D EERERE o R IE AR bl 3 ok R e P A 1) S5 s
WATHINE o 3K — S RERR D A7 A 75 IR (R bk A e, s A M kRS o A7-fif il AR 46
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FT PN A7 57 SASE R B 1 (1 btk A 6 B LA 3 () 5 BT o

1. bt A9HES

1) 1§55k

FERT0E 5 9 S KRR b, @i T4 CEREA . R W hs55%)
KRB RN R R R AL . plIn R RAAR M oT, MR RS
B bt IR ARR SACRBRE L, 5. XS MRS FONAT S 472 1 .
P, 2ih SRR 28 RS RS 24 250, i & AN IR A e CA AN ks 1) HL A4
fEHctL

Ble-1 LAFE—A CURFI B, b LA 5 ok

int main()

{ int i=1;

i++;

3

SRR oh g Bopktihl, R 54, X HE main ARSI AL, 148
B A — s 1 A7 Ot

2) i

iR I IEACHD TR B B AR MR S, A EAN TR ARG, R
ARG R R AR B 44 o IR B4 AL I A7 E kS, N O FFZhgntEbbil, B
S H FRACHS o H AR T A I bk Yo TR R R a2 k=SR], Y 0~n-1, n 2 HARMR
TG B o A bk = () v (R Mk PR O 38 4 Ml BAH N Mk . 7R 05 i) AR 2
IR TR — AN RAE R L, FEBRE AR A T T2 R M ok 2 R FE Bk AL B B 4 F 4

[ Hi
5l 6-2 X8l 6-1 MIYEFE P AT g1, AR H AR 1 R dm sl e F -
00000000:
0000004B: 1LDS R24,0x0060 ;M 0060 MLAEERACIE, ¥ I R24 FHSE
0000004D: ADIW R24,0x01 ;R2AFHEANZEI
0000004K: STS 0x0060, R24 ;HR24 FHEBEANEEE 0060 Mokt
00000060: 0x0001 ;i EEW AL

ANF V- BRI Gn A Qb 22 S ok D it WL, el s A AL 7E 16 A28
BLEgwier= . 2oz e e A FEE 2 4 bk, M 0 MuhEJFasIi w4k . 1 2%
By B0 232 4kl 0x0060 4b, i++iEfB5 %4 LDS. ADIW #1 STS =4454, ‘& 14HE
R HLHE 0x004B, 0x004D 1 0x004E Ab. 75 HERRIS e 4 b LA AR S 4, it
LR 3IE{E . 51140 LDS A1 STS 54 M E S0 L2 0x0060, /s Z|IX Mk (s



Bo5  HiEEHE

A1 AE) S

3) WL hE

YR N AT HH— BRI NAF R ICAL R, IXLeAE i T A O FRUG &7 gk, BN A
Mohbo > HARFREE IR W A7, ST A 6 S B A7 TR e R P R 74 4 ]
LA (] vp I H R g A b, BRRR A 4] Hohik .

BHRFE R AR T sk 43 1) 52 bm il 2 [ B ok T R U I s AT IR A, B AN i e
(o AELH P UERR K A B b B 23 T AN 2 N O FFURTR, DAk P A (R it b 30 6 ke e 1 &R
M. MULRTE 1, FEFFRE A ) S Y R R bE A R AR . g RE T
VL PURRE P PRAT IS 1 S B N A7 HhE, B L H BRAR 7o (R HHE S AN O TFa6 1K) 12 4 Mk,
17 S bbbl S A ZERR P gk A fefsn.

e i 7 R I BN AE, S B A H AR 1R AN 1024 RIS 3R]
(1) 0x0400) FFUGT, WIFERE i 25 45454 AR 5 11 Mtk A2 JsU ke ¥ AH X Mkl n 1= 1024 3% A4
Stk FEHFEFTE WA G HuhE 4 0x0400, LDS. ADIW FiI STS — 25384 (14 0 bl
I3k 0x044B. 0x044D 1 0x044E, 1 7% & 144X bl % 0x0460.

Kl 6-1 &N A bl s & B . LA FE R A, SRR A E R S 401
PRI — ARG8T, &8 AR EEA o i+H1E A IO BRAE 5 R A AN A B e R T 11
e iy, R o 1 0 T BARIIAE ST, JERZ RG4S kil 96 (0x0060)
PRI 1 f794 . FEFEMIRET 3R 92 ba (A7 250 an S 75 21010 P9 17 25 (8] (e i
hiAE 1024, WFR 7o AN Mokt 96 B il d SEFR N AEY 1120 (0x0460) Hiit.

1024
,//1 120
0 "
i 96
n—1 //’ N
T 5 Hhhk 23 7] 12 B b 22 (R PR A

B 6-1 ATFEHHEAYH#EES

2. Hbdt AR

F P gn ARl F 2 2 b, i CPU AT 454 I A (RS2 A EE Mk, RG24 250 7T
Te A PATATHEAT kb A8 e, 984 ch B L #64 h CPU 7T 3% -0k 4 FE M kL, X
FEA BELRIIE CPU U ) 2 (8 [ A7 A H G

BVt 6-2 IARIF MBI AT, E0r BRI A A HLEE S R M 1024 FRAATH, WIFR T
A 258 4 AR B U 1 JSOR (AR s n | 1024, O T IEMNIXANELL, Fr 4T
F R St S BEAT AR (R 4 . XN R s bl A e . R TRIT s A et
Bl 48 0 HRRACD,  RAAB 25 4 22 40 5 ) # AR R % b bk«

5 6-3 5] 6-2 1) H bRACRL AT Huhl AR 40 5 i 45 K 0 1

3%
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00000400:
0000044B: LDS R24,0x0460 ;A 0460 b REE, P R24 FASE
0000044D: ADIW R24,0x01 JR24 FAHBNE M1

0000044E: STS 0x0460,R24 ;B R2AFHBENEEE 0460 Mot
00000460: 0x0001 ;i B AR L

Hiuhlk A $ (1) 77 AT P

(1) FFAMMEAR . BRI TEREN AT — IR S8 stk S . R A WA I B AT
HIEMAT. DOS RIMFR & R L IZ AN 7 Uy« R A il A8 46 (¥ B2 70 9 A
IR AT IR, AR, XM AR AR, H Al Calisin.

(2) shsthtArfe, FEFPERE AN N AER AT Rk AR e, o 2 ARFE 452 P (18 45 e
WA FTERERFPATHERE S, FHUT - &KIR40, WSR-S A B T M, Hhhl A
FEATUR 2 F BT HichE AR, 45 AR SR bt . 41401, 9 CPU B2 LDS R24, 0x0060
FEA], 55K 0x0060 1% /™% H il A% e ok 26 5% Hihilk 0x0460, 2R 5 F5- 44T LDS  R24, 0x0460
T84 . Bl A R AR RGO R 7 2, R RUE e WA P AT #28))
CIE: 3=

6.1.3 RAENHERP

WAF DR 105 302 B DR B REREHAE A bl (] thiz T, AT U
A FVEH P BEFR U 0 AE RE WA S XFF RV 2 AR N A R, R
PRt e A CRBR CRBE SRS BEAT) BEAT U, AN SCVFE A IR BEAT T ) -

FEZ PR RS SEUBIES, temg | T RIRER “FF7 fethsis i, ik
A LR AU I T R R o At ORA™ B H K52 D T B 1A A 25 A s A S S A
PRt A RRAT g . A, RGN N AR, R 4552 Tl il s B EAT
Bty — BRMARER AT T I g 2 TR P s AT, B E R G T T BACHRE
ARG AAT RIFIAAE R DIRE, AP oGl H o S BRI R W80, A=
TR G I 0 5t o

A A RS M T -

(1) FrFRERY. 78 CPU hig B AR fF e, PRIGIBERE RS 577 1] .

(2) fryBE. AL NAFIXBE MRS R, 75 CPU HhBEE R EITC, For
BEFEMTE AR . AT ERE I T AR RN A A DX IR R S DT C I 5w BT U7 )

(3) fry#Eae K CPU M TARR I W PSSO Bobas FIRERE Al LLTT )
HEAS WAL S, T AT B IR B URE U ) 7 S BR A A s IR E Y [ P9 1]

6.1.4 NHEHNT R

RGN EEARTE &, A5 NS ICAT L, WAF R A, ik, AT
P ARMGLILAFE T — DN EE I R il 85 2 o] (K A R AL £ FH A A 2 1) R



Bo 5 HiEEHE

JENAZE W, TR AR AN N A7, JORBERTESMY, T ER P RAN
1o FERWSEIITIIATUUT 3 F.

1. EEREAK
Fis Coverlay) BORMEEFEZRE—MEFRI AL, FRRP R 2R (%
EERDIRE) WIENAE, HRBYIE A B T SERFESME

TETT BN AR NN AF, 8 ol AN I AT A

7 i BRI R RS AR GRS R P A TR o8, i R e 1)1 7 o
KFo XTCHERIIN T H PRI A4S

2. TR

EZNFERHRPATI, AT SRR e R S M N ARz T WAk
N AREIZ T AR P 2 AR, S nT LUIRAE N AT A5 [ RIS AT Rl O RE e o I it At
(swapping) FAMEA. S5HEHEANRT L, AHE LAFE R A 84711 .

AL ARG I T v R A2 TR R B H . BRI et 5 2ok . Hgh s
JEXP AN ERE AT N . e IR R PR A 75 24 9 K& 1K) CPU I T] o

3. ERIFFEE

P E PR Al R B AR AAS BERR A RE A RO, PUORMAER )Y (difse) IREF S|
(I A2 LB K /NPINAE . JERIAEfE (virtual memory) (1) )5 BE A2 FUBFR 2 I8 A RIS RN
WAT, HLRIEALESMTAE T, TN IEANAT . BRI AR 56 4 R4t
BIAMGER, R g ARl Fik, FHPEBIRG—ASERR WA KA 2 LN AT .

REFMAE BORIRS RO T B A, APt RRIPERe L R B df it . KT R IAFAH
AR 6.3 7.

6.2 FHEEEARHE

Bt 1 1 R A AN, A il B 7 S AR IR A0 MU RN AR, AL IUTFR) Fa B0 X
AHEAL TS, FIBFE MG, AUMB G UERE, WP BN RCRIEA KT . AT
W T A 2 H A R FH ) B ORI e Ak 27 5 1 D AR A

6.21 EBRAGFHEERE

PR AR TN, AN IFR Pl E R0 A R 5T T R R A R
o R BB UT b A T ULy A S RN G R FE Y, OF LT CASEARAS L= BhA Bt R
AR E AR . BERAE S B A T & N R P KRR R 5 R 1 7 R i % U G A A R
ED

1. EZR9HES

B E R S, PP HbE 2 B A T A ER B A . B (segment)
SR e RS BT, R4y BRI LA B i e e vk DAL TR IR A T
SBUR, FRFIEZ DL AR R A e ), bl b B R B A A 4 4
Fio P& 6-2 AL 1 — N0 BeaURE T (1932 4 b ik 23 1]

@
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0 0 0

210

339

499

2B
1119

0B
E 62 HERAIEFRSEMUE(E

Bl 6-2 MRAR TP T 3 ANBL, BB 0 JFihgmbl. 35 B 05 ] B bR id K A6
WG, MAFARZ A E: 2 B, 210,

2. BRSO EEE

B B SR ms & LLBO B A N A7, BB — MBS 3 X . B BLE] W] LA
AAHATEE,  HBCRAER IR 5 BAE N A7 Th IR AAE A B B b L 4E B R B 46 M bk
LEE. E 63 i T B A i 7 KR BRI 451

iEFE i hEZE (A 4723 [A]
0 \____/"\‘
= 2200
1119 25 B ddifihhk 0B 1120
0B of 1120 2200
0 1| 340 | 7300 —
339 2500 | 6200 6200
18 B 28 | 500
0 L 7300
1B }340
499 i
i ~—

E63 BRASETREE

3. BMISE SR

BBl Avkisd s REFHFRRC O IEC o XA N 2 DX 2 A A R A L. >4
HEREAT I, REUHIREN & BB — AN ESL MG, FEA @B R . MR HE,
REMEAT S X, B BR . BFRRTEEAT IRl v UL 25 M v SR 20 B BoRf
e S

4. EFNHb TR
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Pk RN e 3 50 RS A AERIE 7. 8 111 S i AT B
K 6-6 fITomo HAREATABAN L IESAT IR, H R ST LLAG 31 73 B A5 0 )32 4R .
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TGURGUE N VIR T S &k A e . AEANRERRAT AN IUL, W A IHENAF T,
TR A N AF RS54SR A HERE ) PCB 1. 5i4bh, /F CPU ity — ik
WA AR BUETESAT I RE A DORK M A k. M EREEAN CPU AT R, Bk
PRI GURAT B RE A TR A A7 A%, CPU MRS 0T A7 A7 B AT $ Bzt AR 1) 3% .

2 CPU A7 3 — 5 75 S5 0] WAF 1482 I, 452 rP 118 5 M b4 A 0% 4 bk 25 47
o, P VOB AR B L 2 B REAT ML, TR RS PR N AF L . Sl B B L 7R
st KGR INAZAT 73 TS AN AR BT 2, LA ARG ZM R TR, 1958
BRI TS o K AR S TS DHERIAG RIS b A k. B 6-7 iR T
LR Re: S U
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ol 1
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A 0 My Bl DR o T 50k U ) Mtk ) 05 AT R R S . FEHBhE AR ST,
BP0 UK REAT LB, W RSATEE HH DO, MIREAT 3 e, 77 U7 A i
HCFE RIS S o 0o LT D 4R A T ) ABROR BRI, TR A TR R n—A>
BERRTB,  HAA 2RI ) 0 5 eBUR B B A DL Oy Al i, A5 A

B R
VU BB T S5 D BRI SO ML B BRSNS 6.3 75
6. FATFIHEIRAN A

S B B H AT RE 2 REPTRH WA E BT 5. TOVE RO s ek 1
WAFRE T TR, AT RORAR T T WAE, A TRR T R O e 3 . AN DU B
A CHTNEE R R, RIERE R A A s e AN IEAF TG, SRR A T
W7o AL TTATE R PR BAERE 00, 29 2KB 7efy, XA H 2 Al BLRZ 1.

6.3 ERIFHER

6.3.1 EiIFEEA

1. BFEEE R

SEEGTER, AR PATIERE R, CPU A& BEH LM U [m) 38N R sl B vl [, 1 At
TE—NI ) B B rp i b7 o) 52 e B (R 2 — AN 20 REFE XA U7 )R PR R S s
Pk (locality) JRBE. JoifvERBEEN], FRHERHSAT BB I (8] Berp,  EFE I ol
N UG A TS S, B CPU Vi), IR AL FANE B RRE . 31X
LA SN A R A B AT BEAE B (I Al N A3 1 3] CRE Bl as b Al gf mab B, 45
fEEAN AT A n] e A g B CHhan AR LR . e AT 5e T DIAE N SRR, W
LY BN RN AN A, X R A A AR WTRAE, PR 1 Jey P A7 i 4L A A
RR AT fE

2. ERTEiEsERE

MEFUAEfit 7% (virtual memory) ¥ B /M ARERIN A7, SEBLNAEE Y 8. il
Wikt TEAMETFRE— MRG0, FONACHR D . IR A B, MU FE AR A
17, HREREIMEZHX Y, fEFENHANF. E5EGHEANAFRZ AT T: &
wi A AR T I, F ) B B A3 () A S B RN AR 8] T £ R AT A
FiART, NAE SR ) 2 M A 584 tH RGBS A TR, NP A S50,
MR B2 — N LGB N A2 KIFZ BN A . B S RHERNAFRZ ETF, &
XS HFEANUERELEAT IR, EREMAR R KM 252 S b W AF B PR s 1o 7E HESAE A, 2k
R 1732 4 il () v DU ARSI bR A F RS R PR o BRI, RERLL 7 i 7 B SE IR N A7 2
(1) 5 A U T B

AL, DR A L NAF B 2, Ry 1R RO A I LT I
IE A7 2248, T LIS — AN AR T4 A [ AR . S 4h, R R I 25 el A
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AR o REAF A B IR bS2 U 2R A B R, S B L3 B AR F R A AR e i) PR o
3. [ERIFAESR R SRIEAR
RE AU i 2 1) SR AR AT VG AR A B UR A7 Pl H A SR A 2 B Y
g Linux REFORHPREATEA,  NIEAT R QA GURAFHOR

6.3.2 I REMFiERTRE

TS REAUAATfih b 1) R ARl £ DA BILEA N BL A A7 1) A A7 28 TR )
ALK SR SE AT A 25 IR AR T E . IXRP AR il BT AR A 1 K {7 fff (demand paged
virtual memory ).

1 EKTARFRER

TEE R AR E PR G, ) R 3ERE sl = (a] o 45 T U A A7, HoR
() 5 T U R A7 ARSI AZ 3R X T o R R AT v U i) B9 AN AR A I il 2 5 | R Bk i o
Wr. FRGTMANET W, R GRS AME A DX TR A N AE

TR TR PR T Ui g ShE g n 7 —2ef5 BB, WERSE RN T %t
GUTHT A BRI, kb AR . GRUTALER, GOTVAIVA LAR DO R SF . SERR RGE 0L
RERZAARE, X RT RGN T B RNE . & 6-8 Frant—Fh st B[ i
KO pUR Sk . Horp, “OREAL” Tz i G SENAE, Bl Rzt
AW dOL, “UrRf” Rz EdE A s, “BERAL” FontREn)
I G S AR

s Ts CRERL B R ARRAL
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1

B 6-8 iFRkmA &

2. Ml IR ER

ol 0T PR A5 el P o T R R SR PRSI . 22 S (] R DT N [ BT R I
(PPIRASAL K NI, A Stk A AT LA 2 57 R AL — ANl i R 45 5 - CPU ikt v T
PHELRTHEFE0IZAT, BEPAT R WA R . BT b i AL BERR e T R TN
17, FAHNHE SRR DTR . A JEEERE PRGOS AT BB AT A A T

] 6-9 J&— Nkl AR el FR K sl . R GER) T K/ 4KB, CPU [ {454 %
U7 1] 1032 i Mkl 24 0x3080, WZHhEXE R (1) 5054 3, T NAV RS A 0x80. BEEFE i (1)
VERAET A IR . T 3 S IR AT ATE AL, S ES TN, CPU HAGHAT
BT B AL B, AT . P ER R S5 2 2 ST, 3 S IUmiAA,
il 12 5o, EMUSI R B A R . ORI RIS T,
PAT GBI BT 4454, Rk 12 4R bl 0x3080 A8 ## 24 0x9080, EEAAE
PSR, R B RN
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BRI R SUT AN AE . B 6-10 Hliih 1 Bl st T (1 AL B A
B TUFIN

%

7RI

WEHZ S
R T P — TR
B
|
YN *_jkifgﬁﬁ
‘ (ET eu Ny
TS TR =
R e
i B %S EIME
WL L B
P
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R UCAR PR RE A SEE BN OAEAME LB, R A AT A5 P UTE,  JUDRE Gk
TERFN . QB 2 W TN T, BT EEFRRIK N CAE N A U, PR 0
AN, BRSO o PR SR AR I DI AT, SeA i AR P A7 S B DS 757 4
B TEFRESAA e MRBHE ST, MZR S RAMEA X, DLRFF WAL
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PERHZEMNT . o SAE DU P YR 0 B LEBRE I [ S I A2 4, W adE R vl e g P 2,
Bt A B SCAUEREIZ AT o A9 R D S8 hl e IR I RE A e, R TR S RN IB AT

4. TTHEAEZE

FEGRGTHR BTN EE LT VR SV R MR RE RSN SR B Wi IR VA AN Y,
R[4 “$l5)”7 (thrashing) %, BRI H TR PO g5 i 2, 5 40
No BN R G T ARSI TS HOR A, CPU R I A # 46 7 b BEBR v ch bk -, &
GeFE R IR BRI

MELE FiE, e B S N %A IR LLE AU ) B4R A LA JE A2 7 i I 0L i, 88
17 S PR S0 2 DG e (1) SR RS A T vk, B S v PR e Al B AN K
Al HERE I ZI OO, F ] DU SFEAT LR 3 A

1) sedkse ik (First-In, First-Out, FIFO)

FIFO S0 AL A SE i o 8 JE N A (R DU IRT,  BRTE P A7 v 5 B I I B 1 1 08
Mo AR TEATLEm g, TUMIAARISEE FEANGE R s A A ol . J /e NN e T

B o A Fr) B R DA S B

FIFO SRS BLELR a8, HEH — AR U A AF I SEJE R, TR
EFER K TR Al

2) heiltdg/b A A (Least Recently Used, LRU)

LRU S AN i 5 b LA GOTHIZE N A IR 56 5 e S A i MR DI N N A7 IS
AL SUEAT PR . T EI T 5 SO SR AL T o, RRERIA] “Hedi i 27
YER “HBabL i k” [PEl. Bk, LRU Sk IR Sl (K — AN 18] B N B AR 4
U 16 {1 GTH T AR

LRU FEA Z M A4 f . SRR S /2 iR P E — U7 e A B, il e
e A0 I ] BE PN R 17 e (1 BB A B R Il AR IT & D IR ), 2 W K — N DR
ME PRI AT GL I o g T Uy v ¢ B dme /b g e B TR R 1) LATARR

S b N E W] LRU SAIGPEREAE 547, g™ A Ik pOh i s AR Beilm ARSI
{8 LRU SO SEHERAN KA 5, i IR s A . 52 ML, FIFO B2k
RSV AL B, AR 55

3) f/MEFIAA Y (Least Frequently Used, LFU)

LFU 552 LRU B)—MNEUSE . B SRy IK Sl I 48 A A0 e NI 0T . 5
DRI 5 22 R R SRV B — U7 U s CHUmT BURH AR AL A7 A7 48 5B, FRd s 12 ot i
O E D S S ) NN T Vvt =3 = B N IR /NS

BRI L, CIREF LA AT REE B B R A P AR B SR R — A i
TEANY, 5 DL NN 0 RGORUE N MR SRR, b fshk
Ay T FHPORUE, IR EE AR R B B A RO VR eAh, TR 2
AFHARLEPAT I 0] A BRKIAE T, MACSER RGP AR . Ak, Linux 554
VERGEARTEML 1 T 10 R G0 F R T I8 eGP i i A bl . SC M R AT Ja RGeS N1
Sttt HEDRA EW AR R IR UEAES AT .«
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R AR VSR T AA A BSCIL T KB AU it o, BRI AT LA KB 6 (R
PR T RGNREAAPERE. (BL, A PERERPL T AL LAATAE I 1] v 58 ACA 1, I B2
AARE ARk s, NATEEE . BORYL,  AMEACHR A 8] R S Br WA S ALK 1~2 fi bR
il

6.4 Linux B975(£&18

Linux [F 47 fifi 5 BLIDBE T A BRI A 57 BEAR R (mm) SEBLI . "B E 2 RE i
YEAPEREI b A0 A5 B 73 BCA BI A 77 25 1) LS SIEI R #0047 1) i TR AT 46

6.4.1  Linux BYA{FIA e/

1. x86/x64 HTEFHUER

AR 16 17 8086 4444 PC ML K T s kb Mk £6 A7 B AS 2 1 R F 7 B A fi ik,
EREEA MRS . BT x86/x64 L4t WAFRE 2 B, (BFE B 1l mr
DUERE I DL 4 CPU 1) or0 ZA735 T “PG 41”1 WA DIHLEL A0
WA . 384T Linux Z487% 253 8073 1L .

x86/x64 [ k74 3 Ff, BUELAHIhE, 28 P bR Bk o KB fU bl e A2 b
RN, TR BRI, FrLUR a2 ey, BRI B N A
FoRe MR R b2 0 B AR A 2 1 — e bl . A B R 2 ki 22 5 i
A ARG BN K LR N AP R . XN HBHEBE X B HhhE B2k T, e O SERR EE T ] I A T .

SN i hE AR 3 (K RE A 2 CPU A A7 #L9.C (Memory Management Unit, MMU ).
Y CPU AT 8 — 45 205 M N FE I F5 A1, CPU I3 AT#7C (Execution Unit, EU) £
KA L. XA BN MMU #3k, 2k B G 5, f A
L/BE RN

2. B ik T iR

7 x86/x64 RAH, RN MR LE AR a2 R o b A T B AR R B Hds
Bt RRBAE. BB A BUARTRIGIA . Bei ATl TiZ B IERE . K
B BRE M. 5 B BRI IE S, BB TR (! GDT A1 LDT).

7E CPU $UAT H e WA JUA B R ay, P Ur e BeiR FF I R 5 10, E 210 B
AAFIIE sy ds Flss, 20 TR ARG B . B BERER B B AT o Bt bl 4x
(At ARPEHR A A A e EER N I B (ke84 H s B, EE TR H ds B
85, PRI IS R B AT AR TE B A PR Tk tH BeR 7 s Fl e 445 tH 0 e Rl hE 1 A
BN ES, 0 BRBUMIA T AT SR ABCRAS A A Al )5, KB (S B AT
W BCGREREAR N, T Rk L

Linux 740K & GUXAA L], AT 2B . /2 K25 fFF & |, Linux
(1) 5 S AEAE R B REAR 4 M TAE, {A7E x86/x64 “1-& FHIAAT . S T3 N 4 B, Linux
Iy AT T A 0 bk Bt U 2, Al BNy Sicbr EANESERT . 4F T Linux K5, M
PR 2Pk bk — R0, SRR AT G S B R A3 2 A P A7 UL
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FREAT AT S B AR Y, (5 Linux REC5RRI T T 20 BEALHITE £ 46 1] » Linux
(MHEREM R R h 2B, AR P S SZOER & MMUSBL il BORkB s . X
SEE AR LA B 0, R AS B Be s (AR o AR BB T AN AE AT “ AR UL
PR R0 “HRPRZA T WE, X E AT DO B BR Y IAE R o 4SS BRI B R AT A
FRASR],  ny LA PRBIRERE 0 AN [/ A DX U ) 45 P S I B S %O I B R A )
AN[E], FEHEFRIS A TR D)) B A 2 g U e, ATy A HEFE 5k 15985 2 25 N A2 7 T RF A .

3. IR TR

1) 2Rk 5 93 ik

x86/x64 [MAEL R LA K173 K AN 43, BRI subyiS A0 o NALAS . x86 1A RILHEHE Ky
32 {7, x64 AR 36~52 v, HARNEIRGL T CPU (A £ & /prov/cpuinfo XA
PR LR /NS A 4KB. [KIUE, At bk M 12 474 SONAERS , B B A i .

x86 ML tEHbE A 32 47, x64 [JZRMERbhE A 48 {7 . etk Hbhk (AR 12 A7 4 T N1 #%,
e 20 A7EE 36 7o S, Fl AR k. Uik AR e ) 7 HT R de v stk A i i
A R P E L R S, XS R ORI S8 I

2) BRI & H

HEFEWLAR (1 B DL AR XS . — A~ U0 (Page Table Entry, PTE). GURIIAdR T
ZILHITE N A D0 S o B3 AR D R i R A 4 4K TA X5 (4K align) R4 1,
gl A U0 T AT T (A A 12 A28 00 DA iS5 55 12 47 0 AHHF I A2 i
(PIHbhE, 5RO 12 ALAHPERL 2 E bl . & 6-11 AR T DRI 2544

31/63 12 11 0
P|P|UR

[l k=S ZW (Glo|D|A|C|W|/|/]|P

D|T|S W

6-11 x86/x64 T1FINLEH

x86 [ VLRI A 32 v, x64 [ TLRIHCEE A 64 r. BRUIMIS Ak, TIFRII L4
o7 RN, R O E . E RSN “AFTEAL P (Present). “iE AV
R/W” (Read/Write), “#sUA7 U/S” (User/Supervisor), “ijinJf7 A” (Accessed) Fl “{1&
Wy D” (Dirty). CPU B IR BIX LEAR LA IR U7 ) S A e o i, 12— AN 1d
JaaWE M AN BN E N DA iR —A4PALA 0 100K 5 [ i1
Wrs FH P ASEERR VI i) —AN U/S 2 0 [R0L, 05— RYW {708 0 [T, #4535 D CRA 1 bt .
TR LG BR] 1 [ D10 | 1) A PR Ay D

ORI N A A E RS . nURDUMAIME A A 0, FoR M ARBGHTA] suii. 4
]I ) D TR RN N A I TR I A BB N, BRI P AZOA 1o 4 Uit th P A7 i L
O P AL B %2, I LA 4 Linux 5 48 H SR ARAE 1% 00 A1) 4 H Mk .

3) GURIMEH

x86 (17 32 {7 £k bk m] Feak (g k23 6] )t 4GB, gt IMPA I . x64 (¥ 48 {1

@ HETREFAR, XEAMETF2C. TXHGHETR2Y, HRKER2".
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Ak Hohk TR IA A kA [A) 2 256TB, DU 234 256G ™. WIHLRE TG GLIHDA A ) TUR
TERAFRCAE— A ik, Rk, AMEIRZ AN, K2 R B RIRR. it
I KPS 25007 kR R 2 2 TIHLE . 24000 T AR . B VTR I Ul 2 A ik
(Page Table, PT). AN GLRK/ANA—T0, fFHAE— i fde iR By m—H
sk# (Page Directory Table, PDT), AT H 3R Iic st — UL 1 Ui bl . X EE77
KATHFRBER T — 2Rk, T 32 fRECRN, —Hoyncat®w . |
64 {3 8 4 ) 75 22 5 2 % 1) o UL, AR A AE 0 H s R b i — 30 g 1) g i H
HKR, NINER— 2RI IETTE.

x86 KL 200y siblifile Ay I R IH% 1K Akl A2 T4 (1~1K /M)
IR, BANUUERNY 4B, B TUERR/N A 4KB (1IKx4B), 1B 86— AN Timi. 76
WRZ FRBRE T — N HxR, 0t H R RIS jUR I g5 FEAFH, HA
TR T SR R AN A RS DT DT, A R R LR B IS O H SRR IR 2 1K,
PR Tl. dk e PASE Y, x86 ) 32 fEEREM IR I — I H SRR E L 1K A
TR, 52 T2 AMB 7F10], Al UK (15 K N A7 bk 73 18] 4 4GB.

x64 KPS TIHLE], FETCRE AU H S, 00 B9 H SRR ITA R H %
F I H R TTRAIE 4KB Kb, HFRIFER NS 8B, KibdEA~R b7
512 AR ANV A, VU2 003 ) B (1) N A7 H kb 2 a5z 2 K+ H Rl s
bR N AT B

4) TSy Db b AR

5 790y TIHLEIAGE RN, x86 ¥ 32 {7 Ze Mk Huhb gk &1 434 3 A4 &1 10 428 TUH
K5, P10 R RS, R 12 A NS . 10 AL L H s N Z S (1) S bk e
AL 1024, 12 47 ORI S HE IS LY 4096, 2% 43 BUIR Ml A8 3l 72 i P 6-12 s

31 21 11 0
ECETIEE SRR AR

- v

Gﬁ.o ] 0
3% (7 38 N ;
2 2 .
1 : 31 } 11 0
1023 | 1023 ‘ T 5 | TR
JiH ¥ ik YT Hh L

& 6-12 x86 "R Tt TR R ERE

MFREATIN, BT H RS N2 R o3 A AT . CPU Ml er3 733
UUH R M HbE, ST b e, AR R A SEH L H s S E MRS, A HxER
OB MR FETH (PR E A2 10 A7 00 Hok 5 Ja i &b 2 47 0, A5 4 5T NALAE P In7E vL
H SR A6 1 sk b, MG 2 GO B IS o [FIFEFF LLUUR S 8 2 5 e iR 4k
B0 R GUERIA, R 04 R HHE 7 0Ol o 50 S 5 0T AL AS AR PRI 1S 3140 2
hbo EANBHR AR A UL EE (page table walk).

HF 00 H s R A R AT AT, RE AT 2 KT R WATA REC R, X



Bo 5 HhEEHE

SRR T4 2T S . h & s & DRI 6], x86/x64 Z &K THREFLAR, 7R
CPU i3 & 71 & =425 47 TLB (Translation Lookaside Buffer), 1Ll /% #10F CPU
(FarfE e, FTLABpRAtRE . TLB 7l 78 - TR, Fedhil Wiy, MMU 248
Jeft TLB WA 4R ORI, v o W SERDE e BERLbE, 45 G M A7 TR R A 4k, 5
PR B IR I S] TLB tp, LA Rk .

5) DUy vT sl A e

Linux (138 H 73 sOAE R JE DU 2R oy o1, DY 2% 00 R 70 5l A& i 4 J7 H s (Page Global
Directory, PGD). Ul 2 H % (Page Upper Directory, PUD). Bl [d] H 5% (Page Middle
Directory, PMD) FIyiE (PT). 7EPUZL S GO, — M50 B0 2 P Mkt FH 19 1 4y
A5 #B4y, BIPGD 5. PUD 5. PMD 5. PT SHRITIAN,

x64 FIREES; SIALA R IS VU222 0, 5 Linux (75 GOBERY— 3%, HUE nUR
LA . x64 (1) 48 LLL RIS} 5 A0 AR 12 A4 BTNALRE, e 36 A2 4
Bt IrnER 3 R H R RM IR RS ARG Bl 9 67, FHEEE R 512, 14 6-13
R 7 7E x64 24 S Linux PUZE 73 o1 bk 28 e ALl .

PGD

0 PUD
0 PMD
Cr3EF 1 an _""@" %_’ 0 PT
0
511 O —l

511 PR Hi 4

511 O

'm
Wbl |2 RH B[N EERShMERE] RS [ wkE |
47 38 29 20 11 0

6-13 Linux % 4 Tiibil TR = E

P2l iR M Al FE S R i A L, 2 A PGD JTIRIE g A 3| PT. Rk
A 9 MRS SER T AR NIRRT (B 9 RIS I5H* 3 670, 1EATAAEE
BEINER G it bl D), FR3RE T — R k.

DY 25 3 Ul m 1 23 DURE AR, 1 AN [E] R 28 (g Al A SR FH 1 23 DAL 2 AN [ 1)
folhn, W x86 R IHE ik, T PAE (1) x86 REUKH =i, x64
RGKM WG IR h THEAREAT 6, Linux KA 7R s 25w g,
K VUL Sy VOSSR ISR A REAE SCRF (R 0 TS5 R o LA x86 19 440 BUHLA ], 43 DUES
oS5 A7 XA S M b il o ) 04 SR H s PGD {3 PT % W1+ x86 (19 171 H 53¢ PDT 1 51
% PT, WM WL 244 H 3% PUD M) H 3% PMD 5B, JFEENI#EE 0. WGk &,
PUD £l PMD RHEREH A 05K, Wikt T HRRIIMIag. e©NIMER
MU PGD MRS HEAL RS ik L, RS LI 905 vl IXFFBEORFE 1 RS0 48H)
(st tE, SO T B A 1) - hE R PE R

53
e
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g

6.4.2 HEMUTEHNEIE

1. FIEAHHEZS (8]

TR IRy Rkl =3 (] R 0T DA A 1 4 SRk M ik (R AR 5, BRI P oA 2 Ak b1l 3 1)
EEL )5 Y0 18 o [ O 1 8L o ST v e s A Rl T R O 1 - N g T T 7/ B e
fit B IS B KANFI AT AN Y, AT RERE RS LLTE — AN 0% 52 LA 858 K 1) A7 6 2% 1) vp A7
TR

AT, PR k7= (4 0 A AN Ay (I YA AT 3 (R B A P A % 1]
HEF PR AR AR R P 28 R e AR IS R AR A 1 P A% 23 TR), it P A2
A% R U A7 e FE P 28 a) e DR SRS HERE AR T LU o R 48 A BT WA A0S, R,
WAZ 73 (0] th R g N I T A bR A=, it ) s ) D) R 1 FA A 28 )

His il 73 1] (/NI e e MEHB IO 5. x86 MLkl 2 32 {7, nl ik 4GB 1)
Hohb#7sia] . KRN IZEATEE x86 101 32 i Linux JEFE#SH4T 4GB [l 73] . 1X 4GB
(775 18] 7 i (1) 1GB A A% A5 1], IER ) 3GB AT 45 18] . x64 Ik 2 64 47,
{0 AL 48 bl B TR0, A RIS 16 AiAFE A5 47 AEfs 54778, 48 kbl nf %
ik 256TB (Kb hk7s ). Kk, FFAME17E x64 EIK 64 47 Linux #JFFE 04T 256 TB (1 Hhl:
ZF 1], Ferb i 128TB S Y RE A 0], AR 1Y) 128TB A JT /% 1] . 4 6-14 #fiik T x86/x64
ZER) b1 Linux JEFE 1 bl 23 10] 2% X2 2544

32{iHEFE A HihE 23 R) 64T HEFR T 2k 22 ]
OXFFFFFFFF OXFFFFFFFFFFEF
PBZE
1GB o
0xC0000000 Az )
0xBFFFFFFF |28TB
0x800000000000
L 0x7FFFFFFFFFFF
H P =8
3GB )
P23 E
128TB
0x00000000 0x000000000000

& 6-14 Linux ##iZA9HbHEZS(E]

2. HEZS BRI

1) WG AF

HERR (P IR AR A DA SCAF 1R X 5 B FERE R AT 25 1), BIeG SCfat  —adkshilg mr
PAT M. Linux FIATHAT 30N ELF ka0, 3SR TR B (section) 41k, +
B BORAS B . Bl Bol BSS Brds . A 7E SISkl AT MBSk & (section header
table), PR T BMWEMM R, MBNAY KE 7E X P RS .. SRR
INERMAR IS, PR A AL 0 B S FOR IR T A5 B A B R @ A5 B F readelf fig % 1] LA
#FE A~ ELF X &R B

AR g LU B A AL B, AL BT IO R, ik B AN s



Bo 5 HhEEHE

AT o SCAF A5 e B8 By Sl 2% 1] JrA) el P WA AT R A A 9 R A8k N ¢, Bl R

2) X

BEFRMERIZATIS, PROR R Hogd Sr itk 23 A],  JiEs iR e A Mok 4% R b . 3GB B
128TB A& ) =F (a1 FRR,  sEBr g aEFE meg 2 2 i R IR s 2 kil o 2k 75 {5 =43 1) A 8
A e, BERRMAG IR F B Mk 28 1B] P ) —ANIE SR X R, K/ R T S s .
TX R AR b T hE X )RR A “ B A7 X7 (Virtual Memory Area, VMA). tR#EMUEE
RUGASIA], HEAEIX F= 85 Ky LA LRk

o R C(text): JIFAANFEFFARAY, XF A IWAG S b RS B .

o KX (data): HITHEACVHNERARE, SN WAL b

o BSSI[X (bss): T HUNRYILEM A o)A, XN ME SO b ) BSS B

o It (heap): HTBh&IrFHEECIIIX .

o % C(stack): HTHARHHER. RESE IR HIERR [HE S A E

FEAN AT X A R A0 2 A 2R B g, i SO B R ERAE, BRI AT LAE R
BRI AT SR B, STV E S H AT ORI Ee t . lan, AR X i
APAT, HRX T U2 RS 1, LEREX AV Z RS, 5.

3) BEFER AT A Mk =S ]

FRBAE DX IR &R UE,  —ANIERE S B F (1) R 400 Mk 723 R S R 43 A 70 3N Hu bk 23 )
P EZA B XA RN . H pmap v T LR — N ERFTIIA T AT X, WA

Fiw
pmap #HAEF

P 6-15 JEAR I pmap 74 R H 25 R I — A 32 A7 /NBERE ik 18]« b fjfb s
B, AR TR g i, g s 5. SERr It RE BRI HI Bh & %
ik, SifEREIR,

S60KB  4KB SKB 136KB 132KB

text data | bss heap stack

0 3G-1
& 6-15 Linux SEFEHhUt =S Ep iR = E

K 6-15 W iZd R 5 AN EAFIX, ATERARR A P 2 vh . B R B S
DR EATHOE Tk, EBEREAF . A BEREAEIZAT IN AT DR 3 o 2 ah & i
BB A7, AT 2022 F O T M k= 1)

ViR HEA7 DO AHERE IRL O il =23 [ W2 3R 43, JFARSEBr WA AT f e RIl>
REAT DI R AT RENE A5 —HE M R A S Ak 3 18] b S B MAR 1 0 X SR = 5 O PRI
Linux BRI TS, HAE T BGUA b i3, o B A& 3L 2 fay i
(EEN

3. k=S B B AR ST

QRTITIA R A DR R PR St a2 TR — A RO (o] (R M, R T T ) i k2

55
——



@/ Linux JPERGEG ., [RIPSW (5B 2 hik)
<z

SNEE L, FEAAAE BRI G, BEFEMLG SR e Al T X S bk, AN
A 7EIL o JEREMUR L BB I W BAE A5 25 IR b, RS B B A A7 . ZE R A,
IETEIBAT MR S N N A7, LA 20 T DA S A () T X B 7 S 10 6 A7 i 23 )
HHo PN 7 (] 2 B G R Ay e A BEFE R R k2= [R), i BR R 10 AU bk A3
[b1) P AL B3

VENIE R Ay, HEFE Ml =3 (6] b B Sm B 7 TR LRy - R A Mok =5 B B S
2R R, R SO s 0 kA7 Mkl =2 [0 330 P A7 25 Ta] (R g, ROk oL a . 3
AR S IS M ST A IR S E A7 DX, DT LS DK WA MR A7 DX SR B P 7. A, T
A7 T AR WA A e X 2 A8 e T K] M s 75 S 7 A 22 ) B8 4 2 [ [ L
FrRhac st . B 6-16 Fid T & A bk (7 2 1w fry i 77 5K

SR A1
N A% 73 (A

AR ] 2 S ]

T 1 k == [ —

R M st [

| o ke | ——— ) | amK

bss
(s PR

B 6-16 itz [EEIRRET KX R ERE

1) SCAFB

FERERE B I 7 I WAR SO R AN R N SRR A X o AR ASE RN
FEA7 DK, AR TE WS SO 5 A7 X 2 ) S ik me i, A48 SO i) (file-backed
mapping) FI[# % M (anonymous mapping) PAFf .

(1) MRS SCHAT IR, X RGN I — A SRS, TR i e
{£1X (page cache) HHET— N SCAF A MR GEA7 SCAF IR IN 2 o STAF RSN 0 A2 055 KA DX (1) 3
BERR SR B SCAF A3 0] () — Beiahk I, X AEsl a] DU R A7 DX e P b SR A3 1 B
75T o text A data Mg A7 XSS LAOXAP 7 20 BIWG SO AR IS BORE IR BL, AP 3R
NEYEE /il 38

(2) FEAAML: Xt FPRFER I SOAF I AR; o [ 44 BRSNS ) R A7 DX 38 A7 R AT AR S B 1Y)
SCAERS %, RS R U B — AR i %00 St Wt vl AR DX 4R
PEHRHESRAF I /2 4% 0 (U SCIENZE. stack, bss T heap HE A7 X #2 K FFE 44 77 UL 1),
AR ATIER A O AIEL N 42 0.

REAF X e, AT i Y il (] A AR AT AT [l ) . A 80 k3 ). )t
R O R & ZBIT &M, — BB A N AT LUSERR iz AT 7.

2) TURMLGY

SCA SR K SO b PR RSN T R A B TRTEEN T B A PR AR )



Bo 5 HhEEHE

I DUER WSS 1o DR MRS & 7E R A7 DX P 2 P sl 3 47 81 P9 £ 1 Dtrth 1k (1) e 57 fr e
P T < VA 3 QR (el 1 11870 b iy M T S (I W = -39 T T il L6 P
P GEHAT, RAIRD 0 BB HEE NN A7, HAR a7 MR A4z 17 (0] B4 AN
7o Ik, UM 2 Bl AT UERE A T 1T 208

AR — Ak, WP SE A HOL N TR . ZERR (R T3 Al 4y A
T84y, FH T FH P ] 03 A A RERE IO RAA DU, FH 1 Bt S P A2 23 ) T 38 2 U e S
Mo, ZlFRs T e P A SRR A i 3R, — BN ARSI a6 48
BT .

32 7 ARG AR 0 514 J H sk AT 1024 101, JLrpi 768 T (X 0~3G e i)
SRR TUR, J5 256 T O 3G~4G ZetEdbtil) NSS4, 64 (1 R 40010
BEFLI 504 ) H sty 512 160, Jerb il 256 WU BERE IR TR, 5 256 T LRI
Bk, YRR IS . A4 0 100 HRRIUN AL, AR R4 00 H Rk
BT, [FRE, 4 0 [ DU I AN B AT AT BT

F P 23 10 () o e I P Ase 1Ry o, DU P 2% TR o (1) R A7 D LSS 33 4 BE Py 77+ 4 i
Z AR UM ERIAT . R DU PR SR T S 53 e N R P AN B N AF AR (]
M KL TR BR T ZE2 i AL AR A, I EE AN Y B N A7 SR B N A% A | . SR 32
MRS NS S A 1GB, SR Lk HEMGEL 1GB MY N A28 0] . ARyt )
A, 32 T RGN AZ s, o H SR A 224 10 (R 768~991 Ti) H MU 0~896MB
YIRLNAE, J5 32 T (B 992~1023 1) Ry mist . Bhasmi i 25 7 208 a3 A4 11
WAL, X T 64 ML RGURYE, XA RECOAZAAE. 64 M RGN EZ 47 128TB,
LRy 64TB 8 FHAEYEL N A7 1K BRI X o IR TR P AZ AT LU ek 3 /S X 1R 2 1t bl
ELHET ] A BN AF .

3) A Amst

PR WG IE AN WA G JF ARG 25 W TN fErh e DU AR (I TORAS et e v]
RETE W A S5 5K IR L3450 R 206 5 AT B [a) v, 2k U5 [l I PR A e | P A AT S
JETE WA HLIE 5 73 (Al b 2 )R LS, WO G R A% Ef e, 5 R OG.

4. FHIEHHEZS B RO EIR

B PR k2R R ) B A S5 M A mme struct 58 H1 v area struct 58, T E S
IR TRy Mk s (R AA, 5 WA A7 X o PN RS i 0 8 ) of S it o) g A Ml 4 ) £
R,

1D X L

REAE DX IR £5 8 & vm_area_struct, 1ZZ5H L5 T RE A2 X AR DS , X ik
1EHE vm start AT vm end. U5 A vm page prot. M (K SCAF vm file. SCAF(WAS &
vm_pgoff. Fri& flags. vma FELIFE vm next. vma BFREF v 1b 2. AREERIA TS
A8 ) AT ARAE SR TR S vm_ops, #RAEHEPALE T — 4L REAT7 D $RAE 1 bR 2L d 54T
F B R A FT T MEAFIX open()s I MEAEIX. close()R1 1 TT AR HE fault().

LA 2], vm_area_struct Z5F P EELL & 1 AT I IO 8 M2, A 1 A7 X 1
VEJ7i8, XA 7 SR T 1H 2 AR . X R RIA T A7E Linux MR 72 b

&



@/ Linux JPERGEG ., [RIPSWE (5B 2 hik)
~z=

iEfHle VP2 WECRUR, WSO %, B A, #HE R 3 ko0 SOk SR .
vm_area_struct 5 H iR 10 AE vma X5, RN AR HEAF DA AL — > vma X5 S8 5541
BRI FT A vma SCBIFERL— > vma BER, [FIRNELILATE BT B, 3 vma FEE
AT EA A G E, MEPATR R AR ERIER, FIA vma WIRCE
[iF=i8

2) Huhk=F[E]) ik

UEREI R EZR AR H mm_struct 2585k 44 . mm_struct 589 HF A N AR RF, IT
RS T SRR R O A G B, G R A R H TR E ped. vma FERIT
f6%£l mmap. vma W¥F5E mm b 55, WA IR S WAL, EiERRTE il
HATF task struct 1) mm F&5F b, W EHEFERI AT U7 B O A AR, XS 45
R R 6-17 in.

task_struct mm_struct vm_area_struct g 0 L ed 1]

e S e o
. S

pgd

115
vm_next

0
HiE / i
rt /
vm_sta %

vm_end

ijfl'cit)
B 6-17 HHIZHbhEZ= B A9%ER

3) HbhkZS (R A S R L

R B ] 1P b k=3 () MACHERE AR B4k AN R 1ty SCHEREIT] fork() RV TG & T
UERERS, 0K B QR ) e R AT S R . DAk, e O R S A
FEAHIE] N 250 mm_struct 4564, vma XAFZUR T4 fmy H 3%, e AT A SR w2 AR
PP BRI AE s i) gl ul, THERA T A Crge itk 2=, (HILsE5 AR MY
MhEAs ] Y TR R AT, AT RERR AT I MRS E, Uil faE a4
B, BSS Bt%E, HEBIH P —HHAT T EHRAE.

YA BSOS 0 e DU, FEALBE T MR, WS %
BLE e AR, AN BERE R FAAT — MZ B RIAS, XS BN EE]T 4
Ao I R () HE R ALK FEIN [ B AL A HEIR B E AN AT () I 25 04T . AT,
W T OL TR S AT execQREH AT S, Akl T E IR, ERmug
(1) 3 2 TAE G2 SRR R AT X, ik FERESE L3RBT e Mg SCrF 4T e,
Rk S O A 2 R B ST RS AR R P AT X, AR SRR R N DI PAT ML 3E N eip &F
185 Z e R U AT A8 g 7

HAS AR X IR0 do_mmap(), ZEFRE T ZMUR I SCPF S mfs & REAEIX R
i, BOPRAIRRR . W SO E 80 NULL W2 [ 44 i ahh, 75 )l 2 ST i 5
A7 vma [0 SRR ST vma %, HAERINSENRE vma (1) & D,




Bo 5 HiEEHE

o) vm_file WE A ZEERE NG ST Z . W vm_file /25 NULL, A ]iZ3C
X G P EEE A ) mmapO PR %L, A vma WA EEVESE vm ops: @14 vm file 4 NULL,
MITE flags ARG X AR AW . HEAMEE R vma 1) fEAF 25 AT HBHE A S7 0T, JF4
B4 00 H5e)n S T 11 vma S5\ vma BEZE AT vma B

I AT XIS, R IS Ol B2 B R (K Mk 7 ) by 0 2 P DT 3R il L vy
BERERL W] LA U7 6] N A7 FFE DT 0] REAE DX BT SR SO N T o AN eIy SO g 3R
FENPRLN AT, ORI E ARG, B DA pUR TN A IR U in) R (1) b bk
IR TR, B JE B UL B AR s iz N SO i i, TAYIE N A, JRd SR
FEMLt CH TR AR EE WL 6.4.4 1) BbEUERE T LLE W IEAT T .

REAF DX T 78 o 1 Ml = (R e AR mT AU Il /. A 20l 27 (). HAR i s B k=
[ BEFEAN T T, ME—IRBI AN E . BB 2 A R T s AR, ikl
H LT TE 1 M A7 DX 2R B A A — AN DR, P R A 3 e ] 2 A A 77 A 2 ) R
Kbko —RUEI T, #FFHMET B GEE L SMB) ] LA 1. i S =5 832
WK T AR B, PEUREZL. BRER AL, TLARAT Al X S mi i kX
(7 1) A2 ik A O e, ¢ Ik SR B F AL B ) 3B R “ BT IR 15 % SIGSEGV, A
HEFEZL L,

HEARBAT I AR P r] DURR 9 75 2588 I SUMBR HEAF X, ZhaS 2 i A7 25 1l o S D REAF
X ZR S & mmap(), MHIFREEAT X0 RS0 H /2 munmap(). HEFRRH R, PAZEE]
WL A 1R A bl =13 ) 8 05 RN A7) 3 D

4) Huhk=F )P

HhE 23 18] () U e A A A ERR A B . 76 5.5.3 AT R R, 24— AN IR R T R
FFERRNZITH, EAERA switch mm() AU EZS (A K1, DIH R 2
PR R %3] CPU L, thal 2% mm_struct * 1) 014> 5 H 54541 ped In#kF| CPU
(1) cr3 B rdet, IXFEHE CPU 7 v (¥ Hbhk =% [ D)4 B 5 AR A bl 23 (0] 7

6.43 MHNEFENEIER

1. TiMRYHEIA

A%t itk UM S S5 K 2 page &K, BN page SR N —ANuimi, e E
THRTZ IO — L5 2, E2 R flags (WNZ USSR AHES0S . Ui,
A RVFR ) TS| T refcount (24 0 Ko DU A ) 12 DTG (1 B S il
mapping VA A LRU % F£F54 Iru 5.

T4 UL i) page 45 KA AERLAT— mem map[|EC4L T, X2 FRAFE N LI E B
PEEiHy o e E — AN EVEH I B DTS IS, e ] ) o BRI AT SR 6 VK] page 7R
mem map[ A4 IR E, AT ERAS 1% DOt 1) 25 AP o

2. AEEEXAHIR

HF BRI R, A AZ AN BE — W A M A F e f . 9, HE26 2501 DMA
BEfE (ISA Bee%) HAEVI MG T 16M A feHudl, 2401 DMA BEfF (I PCT #¢4%) H
FEVT MR T 4G (I AP bE, 32 17119 CPU ANREE BT ] 1 4G [N AFHbbESE . Kk,

B
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Linux KRB N 778150 9 2 AN DO AT 7 BEREE ], IR Se PO EF B (zone)o 475
L BCNATET, PR AR B e BRI 2 148 BRI AT A B

x86 M) Linux WAZ{EM 3 MEHIX, J37lfr4 % DMA. Normal I Highmem.
16M 2 FIINAFIXSE DMA X3, w4 DMA f{F4H]; 16M 2 F. 896M 2 FINAT
[XJ& Normal X1, WAL TR HEMP Rl D50 896M 2 [ NF7IX /& Highmem
I, P9 e L A A 1) 7 A e VT ). 7E x64 1, T 64 471 CPU W] L $%
BB T ] BT A TR A7 ek, R %4 Highmem X35, 1457 DMA (16M 2 F ). DMA32
(16M 2 |-, 4G22 F) Ml Normal (4G 2 ) X1k,

RANEELX H —A zone Z5MIHHA, TLrhALE TIZ DRI S P 2LEG, WX 4
¥ name. 7FHXE4 free area[]. Giihf5 B A4l vm_stat[]. /KEIE4] watermark[]%5. J]
JAl LUl i /proc/zoneinfo A 1 i 52 48 H 1) T A4S BEIX LA 75 DX IR PEAIS B o

3. TURAIk R ENX

Fr TS TR A T (page block), T HR A BT AL 25 19 0T B0sl & TTER 1 A/
AT TR o S IR, TR RIS 2 AR, IX AN R FH R X 23 ok
/NI 5] Corder) - order 1455 tH N #% 2  MAX_ORDER {5 - 7 x86 I, MAX_ORDER
A 11, A order 7304 0~10 2% 0 ZL TR /o 1 AN 0UmT, 1 08 2 i, 2 i 4
i, LLHEHE. 7F x64 -, MAX ORDER [1JERIAME A 17.

$F A order 245, B HLIX A4 SUMEL 20 ANEGIAT AL, AR — A
20T RN TTEL, WX TCHN 0 UGS, MR kAN TS R TS A
lox 2 (I 1) 2% o XSS T H AT AR BRI — XK fE o KfE (buddy) 2T MAE
BT S IR IGAAR (K AN LB . B0, LA order 2 2 RIZFIGA%, MIEE 0 AN iiHe (0~3 D)
HE 1A (4-7 tiD) JEAkeE, B 2 DU (8~11 WD 55 3 AUl (12-15 M) &
A RS 1AL (4~7 D) 558 2 ATk (8~11 WD) MIASZ Ik, Btk X R
AT, AN AR TR — L P KRR DOk, g AN A T RS LS O R
R — A TR

4. THRXAHIE

Linux £ 40 H 25 XA 1 77 SORE S SN I N AFIX o 28 PR AZ X IR/ LT Ay
FAALRIGY o BT AR RS W e, WECR EA13% order 200 70 ik 4 i 2 A
B, IXEEE R KLIREMRAELE ANFRA free area[|[E4LT, B A/NA MAX
ORDER. R4~ W AT BLIX [¥] zone £5H) AT —A~ free_area[ 13041, WAZIM I & ] LAy
DX 25 b RS 28 R T ER K A i . B 6-18 42 free area[ | B4 1945 M) s = 1

PINFERE— AR A EER, BER S, USSR DT ER ) B AN T ) page 2544, il 1l
page (1) lru FEEIAIBERE, #E I8 7E free area[|$41Hh. free area[i]BERZITAT 2" Wi (K
PR G 7R 6-18 1, ABsz A7 DLt 1) A A A Gt LA I 23 FT s, W] free_area[0]
(P25 R R B T AT 1 Wi 2 IR o, TS A2 5, 7, 13, ---. free area[1][)%F
N EERTER I 2 WK 2T, s 2 10, 14, ---. [F3, free area[2]/F) 75 HE
FHERETAT 4 WK 2SN i, Emi s 0.



BES BT\

free area[] SRR [ENE=
- ; 4t
- 4
) i i IR S T
7 JaLEs
8
9
o }zmﬁm
MAX_ORDER-1 L] T g T ) 1 i
. \\12M%
2 R eame ] N

B 6-18 ZTHAFXAYEIR

5. AESEEZ

Linux XA kEE (Buddy) $325k 73 BCAENEC A A7, 23 B AR [P i = ] #4502 2 fR R
AN b e i = v i 7 - 10 el TN N U -3 W 16 N 1
Bom 7, 27 <m<<2', WIWSMES - 2" KA TR, SMECSTE: 1E free_areald](f%E#
HR— AN IR TR, K HNEER PR, SRS IR B i bl . W B 27 KM A
UL, BRTE free areali+1]MHER P IH —A, —4h =, Sl A, HHn—ANEA
free area[f][I4ER . WHRAT 27 KNP R TUER, it — 03 23 S48 I 4% N T bk
WIAREs, H2I ORI .

[ N A7 R R 5 23 BOAH B, st AR i (R Sg B iy DR N BN GE i S L D .
R TR K A A BER P, R SR RO, AT — DN BER .
RLREAIF, WiE—0AIF L. DIE 6-18 A6, Wik T 12 Smami, e 5en
P 13 S oI, B A 2 WKy BT (120 13 MWD BB, XA TR S E
(IR EE (14, 15 WD) I, JER—AS 4 WK I DI (12~15 D o thFIXAN TTH P4k £ (8~11
i) AR T, AR, XA T AR RN free area[2]I10F HEER F

FTLAE tH, Buddy S0 HFR S RS> WARIE v, 385 & S8 N A7 7 BRI ) L,
ML N AFA R T @ RGBT RCE » AHREIXA T rT R B AR 9%, BRIA
R RINAEZ 2 Bl RS EZPNFEL 33KB, WISk 75 B k2
64KB, KL S0%MNAFBIIR DY 1o PTLAE, EK e RO 24 T N A B Al
.

6. MTFRYST BCALHI

Linux A AZSEAL I 52682 1 A A7 70 BiC bR £ alloc pages(). 1% ER AT F Buddy 579,
BRUOTHC 2 (M EEECRANE S T e A HC I J iR Bl —ANFREl,  F8 1R 55—/ T[] page
ZhKy . alloc pagesOBREL]— N Flt get free pages()Efi4L, "EI/EM S alloc pages()
AAIE,  HE IR A e 25— AN U AR ko L 2 R O IV KRS L ER B free pages()o

S



'@/  Linux IRERGEN, [RIPSNWA (582 hik)
~

AIENANF T, ARSI T 50— L Py 7 7 B sR A, X 26 bR B S AR IR E 27
Pic BRI B A L SEBR, E F IYE kmalloc()HT vmalloc(). kmalloc(O)H T-3544 LLE5 4
FALT I AN EELE A N AEX. GEE/NT 128MB), 43 Be A Th IR [7]42% 4 A7 B AR 1 il o
5 kmalloc() b FO6F W [P RE IR BUE kfree(). vmalloc() Bk £+t — > 2l M bl i 420
YRR HEA R UEIE L )N AFIX . AN ER BN ESE, ] vmalloce() Al BA 4 BLEK
WAL 8], 5 vmalloc()A] W 1Rl R AU viree().

EFENIRA 3 e 7 R kT F 3 1) BRI AP RE 1K % 18 . 2 B AF 4% (1 ISA () DMA
PEIES) HAEME B R L W AF X, RO BRI B L . 7R Rt ol N
Hi alloc pages()a% kmalloc()%5 BRZCIAT 2Bl . #AF AT LA vmalloc() 73 IC ¥ 42 B ik A
MELL UM, YT ) AN SE Ml T EA S A DU, FORAI L. B, RZUEK
BRI N AZAS AR kmalloc()KFRAGF W AT, AR T ZRE N AT A2 {8 H vmalloc().

AR, DLW IR BN 1, SRR SRR, X5 C
1 5 119 malloc()B& BUAN A malloc() MR I HERRBE I AT, 43P F 2 223 ) o F R A
X, CHY heap [X). malloc() L AE7E 70 BC IF DX 1) [ gV e 44 s, 3l 3 AN e 2
{50 REFEVT A BX A REAE S (A 2 7= AL DU, 78 D0 M A S A4 2 4 B Ut

BT RLI S, 70 B0 R 3R Ol 25 SR A 5 )23 e P A7l (memory leak),
25 R G0 RBa

7. slab 43 EC# &l

PR BC A B FZ DU R, RIAER QR E/ N A B OB T . SR, A
W2 w & BRI T B S I SR i, fEAIEEHERE I BT task struct &5
ey, 0 HEAT XS 224837 vm area struct &5, T SCAFRS 3T inode dentry 554544 .
IX PR AETE R A B AT A, SRR LB L A A T RN R A A7 T R R kb
BC R R N A7 S AR BE YR BRI (R o yR 2 8 1], PR A2 S BN .

AIERLNIN AR BC S B, Linux $248T slab ZZA7ALI . slab 2247 X2 156 AN
WAL IE BRI — AN ELE T N AEIX, 1] slab 230 2% 45 88 . slab 73 Jic 2845 3145 £ 4 slab,
AT — PR N AR il AR 27 ME IR R B AL, slab [R1476if 7% [R] 5 AL B
[FZRR A NAEAT S . IXEE slab SLUNH G EE—FF, 201 ) BIR M o5 G 25 AR AL
X%, AN RIREUER] . # task struct, mm struct. inode. dentry “5# /& M2 EIT
1 slab A BCI . BT 2R 1K) kmalloc()t 22k T+ slab AL, © /AN A A7 K H
—AMEH XS slab.

slab ¥ N AFXT G AT CA S REHBAEFE ,  JE 250 FH P A1 2 i e 505 SEZ s Hb 2 BCRT []i
WAE o (H AN T aT LUE L B 70 lid— L TUWOR AT /8. 594k, MRZEF I
FEKEY, %R AL cache reap()2 A A PERBIRIKL slab 25 47+ 1) T, "B4a2e 47251,

6.4.4 TUEMAHE

GUHIA B S A7 [ AR . Linux (0957 [0 YA SEWS S e PN, B0 R
B AN ANEE AR TR 31 SRR, 7R AR R ep N BT Linux (19 7
S W ST, BN P R P A 7 T AT AT BT R AR R
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M A7 88 1 oL T DR AR FEAMEAC R 23 A . Linux REEHEHE 17 A LN A8 i 3
e — AR MRS (swap) BEELP X, BRODACHRIX . 5 ORI SR
b BAT [ e B RIS, BN ASHR SO . ACH SR LU IR EE A, I
JEEESE AT 2 . AL, BTV ALEIASR], A8 $ B U ) P g 2028 e S A

ACH A [B] R BT R T AU B AN S IR 03 A 5 N A SURTRE /N )
e, FON UK (page slot), FEAMEAEFT “4iN” —PELGOMT. AT G H
W% S 7R A DX b i 75 PR, K DT AE AL o AR 2 AT REFE 4R HY 1) DUBCFR AR 2T
(ARl b, DAy 75y )28 i X IR 1) - JE IR (]

Linux FREA] AR B2 AN S s (7] o A 7 AZ IRAR Se e HF e AR T, 305 22 LA
AR T, A SO A . (R RGE GBI W E S M RN ATH X . AT
3873 (8] B A LT 28 Dop (A8 #e DX s Ag 30 fF, AN EER PR . B e AR swapon
FI swapoff iy 2 8 i TR SG HAZ 7 (1], 34 W] LLIT] swapon iy 2 K &0 R 48 il T 948
Az, BCE B AT AR N .

2. TIHEPEALIE

TR A TR AE CPU fiffbfT— ANt bk s A A 16 e 5 v Wi o 5 |2 DS 1 D IR 32 2 A
ek sl Co il (R HBEE ERGEA PR 1) AR U (U i) I ST TIANTE N A7) TR & A=
Ji, CPU 25 i 2k MR IEAT N o2 271748, SR Sk R0 AT o il 1) o By Ak LR
¥ do page fault().

do_page fault() & JC AT £k bk S JE T 0F N [ D09 SHURTRE A7 DX BEATAS 2, izl
(PR R A AN, HEE SRR . s dEvk v, skt B iR 59
SIGSEGV, & FHFFR ZAT o A& 5920007 1n), 3f 1 FH (6 U2 Ak 2 5% 41 handle_ mm_fault()
BEAT IR AL HE

SIS DO BR R 25 3 Fle — DA B O T 2 D D g ]
e = RSEAESI R TS M. handle mm_fault() ek 05 5 50 AW B 0T ) 8, AR5
FRPE GO T AL BE, o B GBI — AN s, g e 18 SO o R THOR LS B (1) it 4
NRGTREE A B AR QR

(1) WERAHMN W GUCRIUE A B (NEAA 0, RIUIZ IR /ACI i, Ih i
FRPE WU A HAT A P, QSR SO, 0 B2 e vimod, SRS TR R A X 45
YE4E vm_ops 1] fault) P&, K S A STAFR23 A1 ise ACHT Jfuls G SR B 42 S, oy
JLRR AR 2 M AZ T — A R4 0 DL it

(2D R TIRICOAFTEE “fAAEfr P” 24 0, BHIZ I O S BB # X . X P il
¥ H do swap page()RACEL, T v R IGH AF U AE 4t bk AE A8 8 X 4R 21)9% oL,
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(3) WURTCRIFAE, AR “AfFEf P” 4 1, “SSARW” 40, 1fifiltk
R AR R S ERAE, FOoRERR IR S — N . i A 5 i A ) b3
PRI%L do_wp_page(), H1% 5L AL il B —/N 5 vl

VR 44 DU SR DUAL B AR o 17 KT 1] — A 44 DUINRE 5 A28 — A7 oo 0 ok D Wit
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o Beah R TEAL BEGR GTrPTING, 0 SIS AT R BB IR R B, sk ikt ak
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FELLEL R INT, W RAE P b B R p b AT 4 0T, Sy LEAC AR BRI ], 3 B RS AT R P .
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SERE - 17 PR DT o 250 1L el D A N
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R AT A, FRAERR AT . DRI, K BRI VS I A FRAIF 2R 8 Pk RE AN 2 LI 4>
AL RIX AN H w2 R TR, ) B 7S N 28 W (R 3R A FE e B A PR .
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. HAT R ANSAE g8 2 aE, AMEE RS, Juft. USB #1%%. FIHIC
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{775
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HHETHLRSE Tl H A AT KRS, R SRRl A7 20 T8 2k 21 4R RV 1 IX e
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S SRS N BRI 5 2 AR R E T L
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SO (1038 48 5 K 2 MOSCAF A T 22 0 JE P BSOS B H GO, B3
1 [P W BEAFA A 1 o

XA AR A 2 A LR AR A,

1 s

R A AR AR, Wl A e K A — B s, g —A
M FARRIERE RS 7B TR IUEE A e sk s 2, SO RS i ds
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(1) 5 RIS
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VIR R RIS, T R B R T A R O AR A I R R A, R R
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Bme R ISCIF MR U A R %, B R 51 AR L 5 iy F— 58 A6l 5 1]
XL 1~2 B/ sofskean, BARITZR G IR N, (A2 F AR A7 i 2=l DL,
PN 2 I RSk, 25 MR TR L TR, R 1A Hd g A & .
RITER, B9 SO E & TR RER K BY S0 348, W1 UNIX. Linux B3R SE
R T 2 ER IS4 .

7.1.4 XHNHAZERIF

1. HFHE=ZE

wZH P RGH, AR SA 2P HEEMHE R —A SO, Flan—ATiH 4l
B A F B A SR I H SCfE . Wi BN PR A SRR, M2 iRFBIRE
(AFE A 0] SCAFILTE IR RV — AN SO 2 A SRR AL (R o IR AT LY 45 47
fitt A3 () RN AR RN 1], P 40 R AE AN ST R AR T AT RE AR A N BEA—BURL R .

SEIL SRR i R . SR E A O SO, Al DU ST M
VRIFISCHE, PROABEE SO XA SO ML SO 44, B ESBRISCE NS, EIME
R S B = SO I i, U IR0 B SO AR AT T ) = S AR

ST, ATfES R A 2 AR [ IR EUR] — SRS o, SO R G A
[EE PR, DRI ST N 78 1 e 24k

2. HHIRIP

SO R H A2 B R SO AR SRR L P U IR), 3 R B A IR . FE TR
2P RGBT, ARy,

TR SO 3 BT B i U P SO A BOROR . SO R R G 5, 5/
PATA o 3 2 B8 B AP BORCR T AR 1S s . SRR R4

ASTR] (R F P Sk SO AN PR SR AN TR, sl b A B 4 M e SR s 1 e
HARE 5 KX AT 002K, APANFEIRRR I 23 A . 4 4T SO R AR IR
ARG FH P10 5 400 R0 SCPE IR BR B BT PR A BT IXANERE . FF A IURUR
ERAER AT, W RBUR #AE, RECHIELPUT.

WHA WA PR —FOREH P o REERLOVEG A P s, B
WA HAT MU BRI Rl LR 140 25 55 FlJe UNIX/Linux SFHI
ST, B B )T . SCtEE . AU AR S 4 28, TR AR )
B AN A UG ) BCBR AT S AIRY 5 (R FR 428 T«

715 XHHFEZENEE

AT RGNIR L R SO A 7S AT B S T RS N SO
SCAF Sy ECAEE T, IR SCAF IR [l SOy A B, B ORI g 23 73 BE A [ e
PRI F I SO A6 23 () BT AT LR 3 F
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PR A T WA —ak 3k, Wi 7-8 fin. BA T IE AL N — A6
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P G TR I3 ZrEC, SEFAAr I, REBESE I R CONAT R 0),
pan LV C S O 5 0 D IVAT VAT S 8 I 1 O 9 G A (R A T O e

FH 07 P AR AR /DN, AT A4 38 m i A0 CRAFAE I A7, BRI e Sl e 1) 0 B B0

2. ERRXER

2 PR DX 3R T SR A 1) 2 T X s, e b A — T s — A 5 R X [P i Bk
SR, wE 7-9 PR

0 123 45 67 R EAERRS BRI

olt|t]t]1]o]lo]olo

0 10A8 102
1{0{]0J0]JO[O0O[0O]0]0
ittt lolo 1 8254 5623
3fol1lolololololo 2 A2041 4096
410(1(0j0f0]JO]O]|0O 3 849A03 3598

B 7-8 {i[E E79 T=HXFE

BN R 3. B, RIS K, A ORGSR X,
SECET . IR N X RN IEGF S SO B, N %28 00 R IMESaZE I,
BRSSO I, RSO XN B X R . 5 A A X
KA, WK ATE X SR I 5 5F

3. FiRBREE

¥ NP B B R U E — eI i T — AN IR, i 7-10

7 o

ikt [ ]~ e

...‘ 19

-‘y¢|6

-

B 7-10 TR E

BN PUEER NG T RS AR, MRS A7 THER A L, KRN 173
BRI BC Sy SO s IBDSei s SR SCPRREBUT 78 R BRI B BE N B

7.2 Linux X4 R FBLHA

721 Linux XERZGHNES

Linux #f4& I UNIX CPFRZIEF BEvE, FFEN T IR GBI, &
FECE S A VAT PEGE T RIS 20 (. Linux SCPFRGEATLL LA 324 IE

1. SRR

VFZBRIERDQ (W Windows. Mac OS %5) HICRF e LA L HRSCIFRSE, M
Linux F4¢ WA LA SR TP BT A 34 T I SOPE RS X AL AT Linux a] DURVF 2 HoAb 134 R 2¢
A7, SRVERI U5 ) Bt R AE R GE D S . T Al AR AR AE IR AR G P 41 2%
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ARG S, FEATFE N2 06 B it SR A 2 30 XA Aea YR 1 5 —
AEFAEIE Linux HI 77 AT CURREG I ] 5 SR B B A 0 SRS, AR RS
G VRS P veci S G

2. WA ERE RGN

Linux RECKH TRIE H XM X EERE (mount) IBES, RE1X LI SCIF R G0
JRICE R G, HAb T A 2 XIS R Gl AR BRSO R G PN HR R, SR
WA H ok Vi . A, 5 Windows FRZERFREAN 73 XA — B ANA, Linux SCfF
RYUSIE AT, ANEHEA AR 7 R 2 M2 BRSO RS NS
ARG B S, F P U XL 23 DO i /] U5 T R SCAF R GE T 78 40 X — %« 534, Linux
SCRFE WA RME B E RS, SOV R VY 7o A7 Gk 2 1] o

3. Xt wEGR—EE

Linux KB WAl 5 A SCPFRARER, 68 F1 7 Al LA B35 S0P MR e 46 HEAT /O 2
o XPEMERRIAL T RALHI RS, SOFE T R e A

7.2.2 Linux XHEZRG M
& 7-11 FA T Linux SCAF RGP AT R W AZ B H R 458 & .

ARG

IEASCHE RA(VFS) |
B B

‘ AR

LIRS

TEHZ

1/0i
1 RER VO

!
IR IR ENTR T - B IR R T

& 7-11 Linux X RGBS

ik LR RGHNE, RN RS RN . RGN Z TS
JZ= R PRSI T AN R T SO AR Ge R . Joh R SR 1R SRR, )R
SCHRIANE /O IERAT . fZ8RAF RGN, AT SCPHRARI_ LR BIRON SCIE R 58, 3
PO VO AR R R BERFR A VO R GE. ARLAE Linux WAZ AU Z R+, BRIKEIFE

B
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AT A A HR 8 T S R fs,

Linux L AFRGEL LT 4 A0 41E.

1. MEXHRE

WL SO RGEATAE TR (disk) BISCERSE GRERE, B — el X A i
AR, 73X B2 35 & A BURAF R ) BN 70 X B — A S R GueE 1,
AN[A) 3 X AT A2z B AN IR S0 R 48 - Linux W% SCREZ 1L 60 2 FAS[AS R SCE R 4L
f% 1 %4 Linux #1111 Ext. Btrfs, JFS. XFS. ReiserF'S 2 4, i&37FF UNIX R4 1) sysv
Hl ufs, Minix 241 minx. XIA, Windows R 4[] FAT32 Al NTFS, Mac OS [1] HFS+
LI K OS2 RSN hpfs 55, B E K2 Ext U RS

AT SBRSCHERGAX 4y, BANTPREEERE 1 SCAF R B0 A Rt A 2R 48 555k s S A
R, A AR SO EAE, AR WIBRATE S SO, AR R S R
GERHAT . LA ARG R, RS RS — MU E, LESr
FGUR FECR V8 SR SO A SR B R B ST A 1) 52 B b

2. ERIXHARS

WA SO R Gl W S AR R E RSBt AR I, e R AT A [ ST 2 2R 45
FIRERAER D RRE, M B Z B ZERIR K. I TSN U RSz =5, AH
FrAE T ) SCPFSE— 8, Linux {ESEPR CAFRGEZ EIEIN T —ANFRA “ LT R
45" (Virtual File System, VFS) [l % 2.

FERA A RIS TR L2, R — BN SCAHHR A S RV E R B, BT A
[E] 30 R e i R R A R IR R AT A 1 VES, s SEANBS bR it 24
LI 2E 5, AT LA AR (R 2 AR G0 H SRR E AN R SCfF R 4, JF mT AFE S A2 1]
H H A% 2h 558 1 S0

3 MERRER

VFS 1 A e SR AT R SO S AL AR e i G A7 XL 7R W A7 rh il oy
(e e XA, T8 A A, L e 5 N B B . Ir A B B 4
Pt B e NDEAE, NG ATAR L B PR b bk A3 0], S 2 IRR o AR 247 X s
K2 B B AL S A8 L T AR 1 Mkl W) R 28 A7 2 (R34 T IR bR 7 SCF U 1l I
WD TRERL U N OCE P T RSN VO PR,

T ok 2% A A% S A5 R WL ST 8 R Y R AR 10 20, (EDGT BE e 3 T SR bl F AN &
AR ALex) VO PEREARFIRERIMNV A (Ehin s fis E S i —E L H
MZAFHLT . SNSRI AR LA Z AR, S FEETRE, &Zf o7
FRAER VO 7720 CRE 7-1D. fEEXM 70T, BdE i e s S g7 1X
Z I AT .

4. 10 &%

SO FR G5 B P R AR S P & RATAE A o R SRR 1 5 45V e 2 2R S B R B
WA VO $4E Lo SEMLCIH 2 VO BB BLEFR b VO R4E.

VO ARG HIZ . VO THE R & WEN R4 mk. MHBUZ RS S V0 &
Gifmde L, EAE A B A R & 2 B 2= 5, S0 RGN KT HR & 1
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TR D) B e 1 i 6 5 IR AR 119 /O #84
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IEANKTE 8.6 T 444,

7.3 Ext XHERS

Ext (Extended) YAFZRG4E L A Linux RG0S 240, &) AR Extl
WA T 1992 4E, 1993 4ETHCN Ext2. Ext2 isfrkia, fFICR s, A3k Linux 3
WX RGN AL . Ext2 55 e T EA L —MNHEXN RS HEF RS0 A
A RE ), W LATE R0 A Sk A i B A e s B CRAIE ST i i s 4 1, 300+
FEATN KN F R 23 TR . 1999 4, Ext2 [MTF A Ext3 Kiffi. Eex3 & H &L
F&%, EAMEAHEHIMERATREME, & ot aTdE. HE] 2010 4ELLFT, Ext3
—H LA I Linux K47 AR ERIA SO R 4

HErGE R, Ex3 [ EZEn 8T REM AR €32 05R% [, Ext3 nfLL3CFy 16TB
KIS RS 2TB KIS o B K M H A 7 oKk, XA OB A L.
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152 1EB, CHFR/NATIER] 16TB, 1 H kA& WA UGKR AR, HAh Exed 7EME AR
EPETT AL T VR G . WH RTINS 00, Extd R #T ASCHER M L WK
Kz—.

Linux 2.6 LLJ5 1 A HIORAT RS0 HCCHY Ext3/Extd. A7H DL Ext3 i Ext4 3
RS R M S, A48 Ext SO RS A [ RSB AR

7.31 Ext XHFREW

Ext SCAFI2 48 g it a5 M i ok . 2T 7R S, 145 Linux &40 LA
EH S WREHE RS — 0% . Ext SCHIBIZ KRR 5 T R £ E &)
i3, AT SO ZIER, (A I h a] L5 S B A RS AL T ) .

1. Ext 3 HAYH#A

Ext CIFRGR T BUEN FCB 450k iliidk 31k
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Fo| R 15 10, 5530 4B, 1L 60B. 0-~11 Wije B, HIEts m SCF %k
Wb, KSR O . 12 WS — AR ERE, e ARSI R Huepdr
TR R T I K, Wik AR G R IR TR AR . X (R B R R AR 1 G
FrOgIEIEE . 2fulih, 51K 13 A 14 T Al — A IR F— A~ =2 e e
Bty Al 2 (MR R T . 29BN H IR T FRIE KBS 450 .

WP KA 1KB, T 12KB BLF 2 SO A s B4 T )32 5 ﬁ)’rﬁﬁl
WEZ S b, B vs A AR e KRS8 [ SR S B — AN AR R 5 | P
AMNEFER G| R G 256 N EEEIRE CBEANMEER & 4B, W) 1KB KB AT 2548 256 MEED),
AT LR ] 256 M. Kk, KONE 12~268KB (1) AR S — 2 n e dgEl, 1 in)
%ﬁm%ﬁcmﬂ%kﬂmi#,ﬂuﬁﬁ”&m%#ﬂﬁﬁiﬁm%ﬁﬂ,ﬁﬂﬁi
2 16GB 3. AL, @it guEREL], RKICHFRAZIMERE S

2) Ext4 [FJ& 5] 4584

Extd SCRFTISCAHR/NAT LA ] 2TB. BRI IS, I8 ZERA OR SO 19 3%
o, RoWUHE— BN 2. A, Exed B0 ) Ext3 M E d &R 70, I T
R RGPS KT X RolHAR,

“IXBL” (extent) JEFRAT RO EE 1A THES M BHE, SZhr v R, SCH-EEE
AEGWFRAEL 10%. M+ —4lEg g, — MRS ek, ®EuE
MR PABE LRG0 Bk, n] LB A A o0 — S A — R 2 AR B, R
i AR K BES ARG X BECH ST R, X B ER
G177 TR AR SO IR TR, K 2R R 5 AR SR

7E Extd ', AKX BO N — X B g0, KREh 12B, Hdidsx X B s
Hudohl fbs. AN B2 AT DS 32 768 AN SR, BRI T/ T 32 768 ANB (FF
RN K 4KB [ihisl 2 128MB)  FaE LR ek, Wi — X B 5| iy,
SRR B AR 22 1 SCPE ) 5 B ST AN X B 51 0, AR | ik Al —F B+
FHI, FROIX B (extent tree). Ik X Bt st il AT A Hb 3145 BT A3 Bl e fl 1 7

76 Exvd [0 1715 mirh, BRI 25 | ZRATF U B DX BRI 1o 3K 60 AN 711 23 1]
AAFIC AN BER IR 4 AR G100, WSO BB 4, WEAIMR S| R AF
FELW R A0, 1 PR L X BRI AR Y i, Tl e T 2R B I Z S 1.

3. Ext BRI

H s SR IR 2540 5 5l SO —HF, A H s SO0 N — A H I (R A H s
) B —A 1T 8. ARIZARTET H S SO EdR S 2 2 —AY H gk, I
RS T iZ H NI ORI H I, SRS HsR U <7 0“7, Ext3 19 H R i
Z A0 32000 A7 Hak, Extd §7 788 AT LS FR TR %AT Hi%

Ext Hg &5 Wi 7-14 iR,

FEIXA R, H RSO A N7 fi‘é:ﬁ‘ﬁAHi%Iﬁ [FIR. e« Rk
e A AT 48, e 'tﬁ?mmﬁt&x&ﬁﬁ’n “«. I#“"H%I#mﬁlﬁ
EO 1T R R 7L H S SR 1 T A (*EH%D’] HJLEEQQ)D HoAx 4 AFTy
AN T H3 A R B, C. Dy E 73¢ff, Hrbseff B & —ATHx, XM C&—4
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WS SO D ANE S st

-
—]
L
) o etk F | o=
A hd B — — G ~— -
C H4‘ EJ
D -—l -
(=

= )

LHFEAR ABFEN A ABFEASE  FXHTAHE FXHEAR
& 7-14 Ext HE&HH

4. Ext XHHIENL

2 BRI R G ERAE N — I EETh AR, U P TET A, RER
E IR AT . X RGAREMAE 4, MR H S 3CS AT H ST 4R 3 2 2r 4k 3 S0
FTAE H s, FRRE1 SO 177 00, SRS EnT LA 1 7 S S e T XN
FRgl e SO e . i, EA /home/zhuge/memo SCAIF, EAFRLFRW R

(1) JER SO RGP (0 7.32 3540 KB HF /7 1180 GEFZ 2
1A, e HREIR H S SO E e, Foh s TR H I H T, Wi 7-15
(a) 7.

(2) fEA HxIF R P &4 home H SO 1717 20 (e hod 654083 51 7 50D,
e E ] home H M HFEIAIZ, W 7-15 (b) Fix.

25T TR SR R 654083 5177 4, H shomed K

/ - 2 home [ 654083

OfEAS) - 2 {2 - 2
bin 915715 liu 654619
. dev 4 X guan | 659195
#3|# e | 130818 EE]E Zhang | 659187
lib 261637 zhuge | 654360
home | 654083 cao 659179

usr 784898
(a) #RE & (b) home H 7

6543605177 & H skzhugef AR 655091117 & C{memoftyErifH

zhuge ggjggg e
it - e
project | 655048 memosZ
book | 655118 PRI
FGIES memo | 655091 EGIES
photo | 654380
backup | 654375

(¢) /home/zhuge H (d) /home/zhuge/memo 3 {4
B 7-15 Ext XHRENSE



B7E XMEE

(3) fE/home HgLiFl& £k zhuge H SO 1 9980 (e & 654360 5 111
1), ek #)/home/zhuge H sk (9 H sk iFI1ZR, WiE 7-15 (o) fAix.

(4) 7F/home/zhuge HsINF|F T &4k memo SCAFM 1 45 A (BLHI & 655001 5 i
WD, dlk ek #)/home/zhuge/memo SCAF I Hr, Wl 7-15 (d) Fiar.

B S 1) SOV ) 4V R Il L aX A 1T BT .

5. MR

SRR IS I LT E 9 5 0. Linux REGHLME 7R R o R aERE oG, AT
SRR IR

IDEEERCE =22

5 8EH: (symbolic link) WA EEHE, 7EDIHE RIS Windows FREEH [ PR HETT
A Clnk)o FFSREESCIE — MR RSO, HAFIN AL S — MU ie 4.
) 15 SRR ST, RGEARIE L B W 2R L0 il IR H bR . A5 st 5
H AR SO & PRANST I SCAE, A& B E I 17 fUONER S EA 12 (At S0 N
FEME R AT il (33 B4R I H AR SCPF A A 00, WA 5 e SO AT 3
PP, R4 HEAT AT S 11 sy A7 ER A A4 B A7 T8CTE Al i Al B o).

PP REFEME RS R TG, REUS SIS O R B LU H S B4 . & i i
RN, PR S BRSNS A, R SO s i H
PR ORI 5 S AT RS 7 ), X JCRE RIS 1 SO A7 A B s

2) Tl

fHERE (hard link) 24 P3/NEE N SCARRL 177 R S SRR e . REREREI L
P AT A B SRR A R ) —AS 1 5 6, i AT ] — AN B 4 44 U7 ) 44 310 [ 48 ]
N, XA RA AR B 7-14 RSO D FLE BEBERERRT A
7o EEREI AT AR —H R, Wl BUMEARFRHR T, (BRSO R 4.

ERECGR R AR R 1 R SO H ST H SO 19 sl sk TS
HEPHG T 1s Al A4 mT LLE IR H SO 11 m s FE R Bl B Rl S i %
O 1, R A 5 A (R R R ORI ORI 1. W, B 7-14 oo SOff
C [ERHGE 1, SO D FVE &R 2 2. il HS e 80h 2, XN T AN S
2, MAH(AE “7 U@ A Hak, B REERHEeRN 1, HATEFH
K FXATENS AR, B« i, B 7-14 FirHs A EEECh 3, H%B
I, 2.

IR Linux REEES XM RELMMIEARNLL], &RV SXHER—A 2 A5
PRAT. ST EHEAL, BEEEE UL AU A S ) BT R RO e SRR U R G
R B, o AREXT H sk A T BB Ak

3) RS T S R

HSZAT SRR RGO 2 symlink(), $RAEL BT SRRSO, AP EAHR
AR 44 o SRR I R SR A A2 link (), BB ERER: SCPFITAE R H S b s n—
ASHEI, BN 4, ERHFRSOEW 58 b, IERAZ 1 ISR 1.

B S A I R S8 PR T J2 unlink (), MHIBRAT 5 BEH 0 B AR LR M BR 755 i S0 AT

U
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VR A BRI AR SO B M bR . $e44 BRAZ AN, T2 B 3 SO A0 R A v
(dangling), i) b SCAFIKS 3 SR SR B - MR sl e SO A A B 1 H s M H
STINBR, I8 FG 3 9 RO 1, AERECH 0 A 5 IERIIOCIER 1 Y SR R R
FIT LA, o 3 T S SO ST R T LAAT 2B (AR IR -

2 SCAFRE RN i 22 In, MIBR SCPFRERR )y 22 .

In 8%

[ohfie] gor ik,

[#%30] In [ W] EArCHF

[iE7mi]

-5 JSIATS R RO IR TR

£ AR AT OAE, AR

(3t ] ) RN GRS O R G X, HAREA T H kil £ SRt
PR Al

B 7-1 SRR L SRR

$ echo "This is a test file" > myfile ##3I—ALAILH

$ 1n -s myfile myfile.soft $3E 5 — A A

$ 1n myfile myfile.hard $3E 5 — AR bR S

$ 1s -il $ERIHE A 1L T AT
total 8

655007 —rw-rw-r— 2 cherry cherry 20 Nov 11 23:33 myfile

655011 lrwxrwxrwx 1 cherry cherry 6 Nov 11 23:33 myfile.soft-> myfile
655007 —rw—rw—-r— 2 cherry cherry 20 Nov 11 23:34 myfile.hard

$ cat myfile.soft #3519 A 5 R 4R AT

This is a test file

$ cat myfile.hard 37 18] B 4k 4 ST A

This is a test file

$ rm myfile $MI R B AR SLAF

$ 1s -il

total 4

655011 lrwxrwxrwx 1 cherry cherry 6 Nov 11 23:34 myfile.soft-> myfile
655007 -rw-rw-r—— 1 cherry cherry 20 Nov 11 23:33 myfile.hard
5 cat myfile.soft

cat: myfile.soft: No such file or directory
$ cat myfile.hard

This is a test file
$ rm myfile.soft ] A5 AR A
$

o 1s dr 2 % nT LUE Y, A7 9 B UM myfile soft A& SR04 1 FRER SCAF,
A HEHCHSLE 1 W, SO RN E H A SRR 4 myfile K B REE: O
myfile hard 5 H b7 3C2F myfile HATHEI 1 55 AL SCPFERORI SO N, RS 2. Vi



B7E XUER \E®

) RSO (K 45 3 U 1) FARSCAEATR] o MR H PR SCPR IR S A9 SR SO A i B %
ANBEIESE U IR, TR e SCPF IR A 1, e i el IXR W, 5 S o fF
e T HR PRI, AR R (0 SCPF 2 IR AT HOBOC R BT s FOZ 3R
AFERIEA T o

7.3.2 Ext XHERZNWMETRD

R4 43 X T e AL G A RERCCAF R G o B SO AR SE I R Rl JE X 8 28 0 X
BEATRE AR 5y, A R G AR RS B R

1. Ext3 XHRGEHHE

Ext3 U RGAEAR A IHERER 7 X 00 A — A5 2 XA Tl FraBdliik
AR (e Ja AHTREAAD), P HES . BN ERAMIGER . AR 4. AL
WAL G AR X AL, 7-16 Bk

SIETE HugH0 Hidfin
/ \
W | MEGATIER | T mma‘ﬁﬂ% G RTTET HE (X
VNN PN N TN T %45

B 7-16 Ext3 XHRZBHERE

D gl 3X 584

SCA ZR 48 VAAT i B Ky B R oy WG 7 X A7t 25 (8] . Ext SCMF RGEIAT A B/ hAT
Pl 1KB. 2KB 5 # 4KB, 7EAIE UM RGN IR A7 « B/ NEARE 3 1 A ik
B, 3 K BRACAEE A R T A, b /AN 25 BRSSO R AT I T R4 %

KAVEERL 7y XA AP R A S . WE A5 R, Bx3 UF RS eIk A#T
THedl (block group), AL P B EEMEL M. 4l Sz
ECRF BRGNS BR IR BA B o Bfy B TR iR gL b i B R A, e
WAZRUAE — AN Sk i e o BT A, Qi SR RN 4KB, B & a] LLAE A 32 768 MHk,
X R ER ALK /N A 128MB. B4 (15 H EER 143 DR R/ N FITBREL ) /o A S 23 XK
/N 32GB, HUH KN 128MB, 25y K 256 A4 .

WE4E 3 DX E A 1KB B2 5| $ X, RS SRR Wi/ E 1IKB, T
I 0 S, M 1S ETFFRIIT ey R o b B4l Wil 7-16 Fros; Wik
/NRF KB, WA A R 7y, 51X B 0 0 ST 1KB 78 [H],

FEANHLA P AT — 5B B DR AR AT BT B B (R CEHR), Wil gk . 4 Hid 5% .
P R R G 3T si FER B F P OR A7 SR, B3R 0 1T R A L X

2) R HARF

FFAS Ext3 (R 0 X AT — AN 4B (super block), ‘T TEA 2 8, S H— Pk
o Y OB U RGN A R E S EORE PG, WS RSkl Sl

g



Linux JBIERGEEN . RIPSMA (56 2 k)

BN BRA N B EREORT 1Y p B NIRRT 1 1 S . IR R R
e K&, il RMREEENIEASE, LRGP RAEA, RS E .
AR IRAIN,  WEEAS 73 X P SO RGEAF AT .

Ext3 ARG MRS AT — N 41A T (group descriptor), FHF-id sz gl (1)
ERAER, AR P E L R0 A BRI R G SRR . Sl BN R
TR R A H DS H A0, KN 32 £ T B A HR e h AE i
IR T 4148 75 % (Group Descriptor Table, GDT), ‘& J S 40 45 1L 4% e (1) 1 4
GDT i FHHRZ )5, ARed M ZAN. AT %, £ GDT JGih Tl T —Lelk,
LAETERS IR 4154 78 GDT.

AT REXXHRG I AT EENE, Ext3 Ml R FA R R T2 A& 0. WHENHL
T, CFRG G HERAL 0 IR GDT, HAbbRAL o (#B A GDT WIAE AL
RNy, TERGB SRR E SRS BI& i 2N b / 7 —y
PR GDT A . Ak, H3CFRGIR KR, Xy 77 KNSR T Z i
PLTEN Ext3 REGERH 1 —MGEi &0 /720, BITEDUL 0 Hh RPN GDT, ek
M5 3. 5. TR MER4l (B 1, 3, 5, 7, 9, 25, 27, 49, =) PRAEH A&

3) {7

Ext3 ARG E 7 AR 1 0 s B P i e . A il SR AR J‘I’:'idfﬁ?ﬁﬂ.
(A IR Ok BeAi7 1] (block bitmap): HFidsk 1 1 2 2 BC G A B FR A “ 2R 515 5
" (inode bitmap). ‘EA1#% & —Meftdh. B bae—A @b 8%k — /\H%:Ql
TR RO, S 0 oA IERER 1 15N, O 1 EROR e . Bk
E UL E A, AT sE 1 Bedl T R ah e, it B A R

4) FEH| AR X

5| AR B e SOE AR X . SR R AT AT 1 AR AR
PAEE S, RG] 3R (inodetable) . 5|7 AR5 I F ZANESL s
B A AR R R S — 1 . BOEBRIX S T KE g, H+A7
FEOCAF R AR 225 A SCPFRR B XN AN R FE R B 5 AT 0 2 N7,

FO W R TET 10 A 1 W EAERGER, ENTHAERBS (2511580 L
KO RSE B S 0 — S B (T H A& X, P XA X 175 A5

2. Ext3 XHEZREFEHEEGIS

AR08, BRATE SE A AN R IR A T Ext3 SO R 8, ARG ArF e
YR R TS Ko

72 @ AER R, EFRENARER

B4 dd iy &g —ANE O, T/FP'JI#F%?}EG’J#{I% . fird it

$ dd if=/dev/zeroc of=myfs bs=1M count=20 #4& R—A> 20MB K 8§ % L4 myfs
dd i H R U

dd if=R XM of=BH#HFLMH bs=FFH count=F F K4



75 XS] %

dd i 2 [ DI RERE ORI A S0 2 H AR S, SR bsxcount v 47 A
WL /devizero, 1Kt —AMbBieE (TR 8.6.1 1), ATLAM A HHE
2y 0 3l HAHFRSCA

T mkfs iy & XA SRS A Ext3 SOF RS

S mkfs -t ext3 myfs  tlimyfs BeBEExt3 #A%

mkfs 74 1R U

mkfs [-t EA] k&

mkfs 72 MG EEfE g & L@ TR KBRS (FEA LI
11.4.4 D el g 4 240 myfs & — 0 S0, mkfs S8 E/Eh— ik &
Cln [ B A% S0 RAE o

i I RGE S, H dumpe2fs fir &4 H % U RGEN LU GDT A%
dumpe?2fs i 4> [P 4% U2

dumpe2fs % &




@/ Linux BERGUENM . JRIPSA (562 k)
—

Backup superblock at 8193, Group descriptors at 8194-8194 (#&fy3)
Reserved GDT blocks at 8195-8273 (g% )
Block bitmap at 8274 (+81)
Tnode bitmap at 8275 (+82)
Inode table at 8276-8489 (+83)
7895 free blocks, 1712 free inodes, 0 directories
Free blocks: 8490-16384
Free inodes: 1713-3424
Group 2: (Blocks 16385-20479) (302, 4095 3, %5 4MB)
Block bitmap at 16385 (+0)
Inode bitmap at 16386 (+1)
Inode table at 16387-16600 (+2)
3879 free blocks, 1712 free inodes, 0 directories
Free blocks: 16601-20479
Free inodes: 3425-5136
¥

W AT AT LIS, AT IKB RIKE, By B vp LAy 8192 A —HEfIfr, Wl
ik 8192 M, FULEEAHA Al 8192 My, WEE SMB “FlAl. X1 20MB [
FEASME], FR 0 SHRAMY AR BRI 3h 3 N Ehdl, JorhERdl 0 F1 1 b SMB, 412 N
4095KB. —AMHLa] 7K 256 it GDT. il 3 N4l GDT K&K 3 Wi, K
G ANE ATARIY AR, REHE T 79 B KE GDT mly s E] 20480 il
(256x80), it WAF RG] FE5] 160GB (20480x8MB). FEHRAIHAT 1712 4~ 1 45 4,
BEAN LTI A 128B, 3L 214KB. Rk, RO AR TT A 214 B A4k, 3
RGXH T B0y, EHA 0 hAF 7 AR GDT, fEH4L 1 R iArE T el —
AN HHA HAAAT R F .

Bl 0 fuf 1-8192 SHe. Hodr, #EZhEe. GDT. TR GDT. BAZEIRIZES|H 4
PrPE LT 1~83 B, 84~297 B R R, 298~8192 M LX . b
AN HSE, B H % <77 Fl/lost+found H . BRI 1712 4~ 1 T4, 77 10 S U#E
ARG IR RH N 25 1550 28 1 AR 199 408 11, #i/lost+found
Hat G, 12-1712 A% 1 18, EEdREX, 298-1340 ey H# . HEMALE M
B HH, 1341-8192 Bt 7 (R B,

gl 1 (A RS 0 ML, BB RNRG M H %, Bk 4N,
4 JRy 2 U B UA S AR B A LR & 5 1 e 48 TR0 297 AMEdiEE, RFIR 7895 B
I o

B 2 e R&mEE, RAARMAMMEMRS AR, HRei =N,

3. Extd XHRGEHTRF

Extd (1) 422 H bR o Ext3 FTIRITG ) nT 9 etk im . 25107 N Sl 73 Extd fig
il A7 R0, SR T ORI [ SO TR A R () SRR U A 7 R SO R G 7 e 1Y) 4 B 17 . Extd
TEAT R 7 T SO R A PR i — S M 32 [y 7k 48 17, LA KHS kil
TEGIATTHA M S, DU RS R R E B S A



BB XMEE

AP FEHS A E, Extd e RS (BRI IIR ST AR T AN 1
M, BT LA RS S AL B R 32 ALK S e W LRk 27 AN,
RAMEmKNEER 16TB (27x4KB)., ¥ JEF] 48 V), XIFRLEEA 5k 1EB
(2"x4KB).

KA R 7S (e AL B R P AL (R B H r e 120 DE K, 43 GDT (14 BEAH Y b AR 7R
Ko XEE B RAMACR . AfRJ I 8, Extd 5N T oM . o
(metablock group) HH—4UELLHAI Lk, Hedl (¥ & CLEATY GDT A AFE7E—A>
FPibh R . LLAKB KB ), Extd [LHERTT KN 64B, NEEAN JCHLA] AT UL
15 40966464 ANHedl, RIEFANTGHRZ] 23 1] (1) K/ J&: 64x128MB=8GB.

gINTCHA 5, Extd MEGEAT kg 7-17 Frors.

R0 . e - e
H4H0 HeH63
p RN
s | o g | FOT g RIS
R N Y A ¥ 41

E 7-17 Extd XHERFZHEBRE

JAR GG, Exed FEZEH TR T il oA BT B . ool
(1) GDT K/NEsd—b, AEF7 & 547 AR I & e A2, BEEF e LR ) .
b, AT CH, HFRFNERY REMER RS . 78 Ex3 R, AT L@
BT 77 2R ARG AR, (HXFHEES T GDT K& &40 GDT, Hifsm
(K B 4 B4 S 52 7l GDT 23 [l (R Bl LS sh A9 %8, Extd [shA&$ 780 751§
2, HFERMNPIcgl, A Bk HAth o 41 15 2.

Extd ([0 SanG e fEBR] 0 FIERAL 52 3. 5. 7 IR SR G
PRENA . Ext4 (1) GDT K& 43 SB& L . FEREASudih (A 0. B4l 1 Ak fs — Mk
B RAT DA TR GDT HlA

7.3.3 Ext X{EFEDE RS

AT ASEIRSCIN, U RGE I A 1 A eSO H .
GO R, SOPE ARG RICIL AT 1 T AU, A S i R R Y A
EAEIR T WA, SO RGEAR TR E A R e Ay B R W A

S EC ) 7 V2 ARE A B P R SR B AR BRI 1 1 AU B, Eees SO, IR
WS AE—EFLIE Lo 5 A R NRE . RG-SR AR R —A O FTHE (0 He, 7] —
A H TR 1 7 P AE AR oG, R R —ANRALN, LS s R vy
i JHLE

2



/  Linax RERGE. RIPSM (352 4K)
~

S4hs Ext SCAFFR G TIRR 9 7053 BC HIAL SR GRAE SO A2 (8] 47 e 1 23 Mo 28
ROR e TR, W R AT 2 RSB, SRR AR AL &4 SR o e 2 1 240
fERRgE, FROATCE . 30PN A RN e i T 2 . IXFH IS T 20 FE 2
Fo AT RARAE SRR BRI AL . A SR e 1 B FH e el S MRAS AT i3 3h Pl i
BLHL, S BCFr bR e 2R AT RE LR UE 5 AT HLAH 46

7.4 EUXERS

MRS RGE (VES) AL T3 SCF RGN L= . w4 P IR Je WA LAl A B
RAL TSRS 1. VFS 252Kk A RG2S rHRAF R, RIATFZ
SEBR S RER VO RENIERIAT AR, SR)5 FAEEESs RIS A & . 4L,
VFS i M TUE BT RGNLAT, RUESCIF ARG BEARR

AU SCAF R AL Z T AR KAWL, e R & FAAAE T WA FERGER I Tk R,
TERGRMATE ). VES ANGEEFARAEHLAT_ LI STrE, A X SO K S B b A0 i e
AFAE TRER Iy DX SEB SCIF RSk e, BRI, R SCAF R GE AURI A BERE L 92 R 1Y
ARG A RSB e B S R G fE

FIN BT RGEH H 2 h T RS S br SCF RGN ZE . EXSERR T RS
BEATANGR, RIS — IR S5 e W AT R il BT A 19 S0k, a0 F T Sl 7 — 4R AE R
HORARAEILNE . VES DSTREbRHESC IR AR MU 22 Br SO R B AR . IR R A
BRI, PRIET Linux REAT LSRR FOAESCER G, AT U R GG IEAR
[l K AR o

741 VFS B9

VFS KA T S vk AR, R R — L R, R A H]
R ACRANER, AT RS T X R E P, IS T X R W
il VFS L RGEMEANZALLT 45:

e VFES 2t (superblock), ftF—AC LM R%.

® VFS HzIl (dentry), RFEILMEIZPH—05HE,

o VFS %514 (inode), 83 —ANSEprf LAF.

o VFS I{ff (file), RBEREFTFFI] A 3CfFs

VFS 0 RS LA R AR TE AR T AT, e ATTHEIE S 1 M gl Sk ok . glEar
i, &R PR b PR Hh S2 bSO R G RO A N B SR 17, Bl VES U7 2E R . VFS 1%
PR IX LR RS A B s BOR 72 BOIT A BISCAHRAE

UNIX/Linux KA SO RS S VES SUAF Z G047 47 AH R RS FOAR &7 I N G R,
Al L E ST W 25 H R Ry IE H VES SCHE RS0 5. {244 FAT 88 NTFS IX#¥ [13E
UNIX RS [ SO R G s i 25 1ok 5525 , AF LA UNIX SO RGeS 25 04 93 &2 VES
EER, IXFEEN BT LMR Ext U RGN VES ZF TAE T, HEEEfE 2D

I



BrE XMEE

ik B G5 AR TR S R TT (descriptor), %% (1) T 43 Ja PE AL HBAE by a3 A8 4
NHGRTF R, R I A E R ZO LARAESE Coperations) [¥) 1 ABMAL A7 IUFE — 4544
farp, HAREFBATHA R . AR DEIRECK, Hrh e T e 2
PERAE R EP REREL o AEBEEN G BIINE, R 1T 148 B Bl AR A S BRSO R S
(R, ERfEAe b R BRI L BRI SEBR I RSN EREEL. 2 )5, VES
AT LB R R PRI E XA R T .

A THER 5, R AOR 2 R 2R C 18 5 AR 5| - % 8 s dy . il
A X FoRA g A SR TS TEEE x5 Aa op->y(O) R0 % A EAEE T I yO RS,
XL a_op EXE A H—ANRER, $8I A FIEREE.

1. VFS 882k

VFS HRPACE — M R, &8 b RGP N, s T
BB RE N AE B VES BRITIHIA R /& super block, Wi 7-18 fis.

super_block super_operations extd_sops

s dev alloc_inode ¢—— ext4_alloc_inode()
s_type destroy_inode +—— ext4_destroy_inode()
s blocksize write_inode ¢——— extd write_inode()
s_maxbytes put_super +— ext4_put_super()

s op sync_fs = ext4_sync_fs()
s_root statfs = ext4_statfs()

s fs_info remount fs $———= ext4 remount()

& 7-18 VIS B AR TT

super_block FELFF T K T Z XM RAMITAE LR, WS RGHEEAGE Grikl,
HEARRHERZHEE) . RGN AARSE R S I R IEREG R, FENNE
HE &R s dev, X RGEEM s type. FidiH K/ s blocksize. 3CAF A/ FRR s
maxbytes. #AEETREN s ops R H T s root. PR LA ARG MEBH LT E s fs info 2.

ABH B EE ] super operations &5 M4, Tor L5 17 —41E 2 i E BR BT pRET

FEF o R B AL 3 AT /0 179 4 alloc inode(). JfUEH 1 19 44 destroy inode()-
5 1 Y5 write inode(). BB put super(). [F MR sync f5(). FRELGE TS B
statfs(). FHTEESE F RS0 remount fs()&5. & 7-18 & Extd W RG0HEHG LS,
e KR VE£E I Extd R4 ext4 sops.

VFS AR ORI SO REEHE N S VES AR, il & SR U7 ] A BESE BR SCAT
ARG, VFS BRI RGN HAL, AU RGEBUSHE. FHimE, R
A E B0 VES BN, S-SR LB g N FEA—E, VES il 5 #:
MK P A7 R A AR ) VES B GRS [ R S B e B 1) [R) 20 B8

2. VES &5|T A

VES 2517 s SARR SE b X R G () — AN BAR K S, e 55630 R g i
1 RN, A T ERAE SO DT RS R e VES RS R RIR T2 inode, W,
&l 7-19.

B



@/  Linux IRERGEN . RSN (B2 hk)
g

file_operations inode inode_operations  ext4_dir_inode_operations
open i no create +———= cxt4d create()
release i_mode lookup ~ ¢——— ext4_lookup()
read i_nlink link +—— extd link()
write i_count unlink  +—— ext4 unlink()
read_iter iop mkdir  e—— ext4 mkdir()
write_iter i_fop rmdir o extd_rmdir()
llseek i_mapping

& 7-19 VFS Z3| ¥ S8R

inode ELFE T SEBRIHESE 1 R IEE, W1 AT 1 no. APEAER 1 mode. iEH:
01 nlink, J&E. K/, INAERSE, JIAMNAEEE 1 VES HIBIMAER, Wi i s A
40 1_count. 1 T AURIFERTES i_op. SUMFERAESTREN i_fop. MuALZF[AIFE4T 1_mapping
DA R AP EN IR L

1 AR A inode operations A5HAHL, ‘EHT T A ERAEM R EFRE . 1
R ERAE B AT ZR AT A S AR AT IR AR B 8, AR S ST create(). & H
SCAF lookup(). B4 SO link () PR SCAF unlink(). #2037 H % mkdir(). B H 5% rmdir()
Lo BRI BT TSR 1 mode, ISR HF UM AR SC TS
HC P3R4 E PR EO A AT AR . B 7-19 & Extd U RS H sk SCAFIT) inode S, 21 1) 45
YE4EJE ext4 dir inode operations.

Fr T 11 RURESESR, inode iy 7 — AN SUAHRAESE file_operations, AL 5 T BT
AR AR o XA ERAERIG AT I SO IRET file X%, RAKN AR file X%
(P4 IR o

RGP ARENT IR SR N — A inode . 78 SCIF#EAT TR, VS 1852 A% ARG RS
RS, M ETENAAET - inode. CHCHEE N inode tHBE I . SiEEHIR
HIF], inode thATAE RIS BRI 8. FTLL, VES 2 i ke BT A7 & 42 25028 1) inode
5 [l it .

3. VFS BRI

M 7-15 Fros 845 m] LA Y, 7658 A — AN SCPFIN 35 S8 Z SO (A2 48 B R V5 )
PRATT AN H sk o a0 AR B MBERE 152 H % SR, U7 ) SO R 3R 2 1RAIG
N T A EAFERAE, VFS 5l AT HI dentry FI#E% . dentry {CFR & — g2 5.
A R R, A EAE D HREOCM. Fla, 2% 124 /home/zhuge
/memo L7 [/, home. zhuge Fl memo 4 /& . 1 VES B IXfEIT— AN 40, &
KR A2 TP I RN H SR B, BN e TS AN dentry £544, K3 53¢

(FS 110 inode JBHEK. VES 4086 LA VMY dentry  denry  demiry_operations
F H o W g5 ¥ K REERRAE il . 7E 8200 SCF A $R 45 1F d_name - g_zg?giare
i, VFS KT dentry (845 M T A HR, ATLMRER | dlinode d_release
MiAEH) H BRSO dentry 8589, RIGAEIENY inode. |

 7-20 J& VFS H %I IHATT dentry. B 720 VFS BRREHAS

dentry 1N AL F H R SCAF 4 d_name. iZH %



BrE XMl

TSI o408 d_lockref. $5 ) inode Xf B[R EF d_inode. I 7 45 #4 KA M) — 244
B CASH sk B E R0 FREE d op 5. H kD dentry operations £, 147
TR H S0 PR AR, Wt 44 d_compare(). fIER H 3% 2 d_delete().
FERCH SRI d_release()55 . RNEBECCMF RGAA T E AT 5K H SR /E R 2, it
K RGN R VE R B BRAER T IR N 2SI o B A R S bR B BT s R 5 4R
£ NULL. 4 VFS VM RAEE TR R, Al B 355 2 3 E AT IR E B
YERREL.

REFE LT, H SR I E X ST AT B AR AL, & T LU VE R 15 ) — A SO
H o 5] VES H LA AR H 2% 16 dentry, 76 J5 22 0 SO B, 5 F #8422 56 W7 dentry
P HT AR . BT dentry SEBIFERZRFIEROIRIY dentry 85K, &5 X RGN
H sk R T B — 52 S G R o REAS dentry S| EBSCIAT — > inode S, A4k SCAF(T)
TR ETE dentry R TV ER AR HE R H br SCAFIG dentry, JE & BI ) 572 RI£3 2] H A SO
] inode T »

dentry FAN WS SCAF RGP IRATAT Ry, A AR R A 2 1 R AE N A7 g
BRI, BIEAAFAER] D B ) o)

4. VFS X4

MR IERR I F R A VES, BB BN SCE, mAGEH I R B H %
Tile BEREICO ) HE SO B 7 RS s A B A SO R PR LA S5, VFS H
file X G ARAIRIXFE—AHERR AT OGO B EREFT H—AN PR, VES #i0k b e
AL A file FATT, WA 7-21 Pror.

file file_operations extd_file operations
f path open +— ext4_file_open()
f mode release  +—— extd_release_file()
f flags read_iter +——= ext4_read_iter()
f pos write_iter $———— ext4_write_iter()
f count llseek — extd_llseek()
f op mmap  «— ext4_file_mmap()
f mapping

B 7-21 VFS 4R

file #ATFH R T MR 12 4 £ path. U785 £ mode. FTTTH7E £ flags. 13
LA poss GIHIIEL L county SCAFHAESEFRE [ op. HitEZS[H]$54f  mapping %% .

SCAFRAESER] file_operations 5 HIA , T 410 SO N AT ERAE ) PR B R BT 4
%, L FEFT T A open() B UL A release() [F] 421925 read()Fl write()~ 7720 1% 5 read_iter()
A write iter()s 247 lseek() WAFMRLG mmap()&5#fE. WAL T —&il A 1E 5L,
WERIA ) 2 1 i VE R 21 generic file read iter(). generic file write iter()a¥. S5 3C
1 &40 n] DL BT X 50 F el 0 O IR e 2R B3 NULLD, B m] DUSCE TR SE 38
HAh, ORI R E B S SRR AT G, Sl HSR SO, Wk OIS T ke e
(R SCAF AR BRI T AN Tr) o IXETE R SO inode IR B 1 mode Fr /s ¥y S AT 1T
WEM, EFTIFCIENAEE T file X%, B 7-21 HhFT/R I Extd H5E SO file S5,

D



@/ Linux BERGENM . JRIPSWA (562 k)
~

TERCI A E4E /& extd file operations.
file XFRAETAIT T2 AR N, FEda DS SCIFR Ko KL dentry X152,
file X} A1 AT AT SE PR NG B0, BRI AN Fe e 'S (Rl g A 154

7.4.2 VFS M&RMFXEELEM

VFS B HE. 1178 H IR S S5/ ¢ R P 7-22 o
file dentry inode super_block
d_inode
oo (fpathdentry | o . o | S dev
A =1 H i dentry [k 2 P
f op d_op i_op s_op
file_operations dentry operations inode operations super_operations
A H 55 Rip= 2
$RIELE PAFE i e b (B

7-22 VFS XHZRGFHRAGHK R

RS RGEH — super_block Sl BFAMF v (1) B 42 5 B HOH . — > dentry
S, AR H R G R R L, TR BRI AR Z5 M1 dentry BE& . BN 21
SCAEERX > inode S|, BT inode S BERRRL — > inode BEF . BT ITHI A
AR A file SEAF], FITATIY file SEBIRERERL A file BEK . X 3 DMFER I LIREMHTE
super block 1.

A file S0 Y. —™ dentry SEF] . Al LIAT 24 file X . — dentry, RILTEAT 24
BEFRATIT T 18— SO B I o B dentry S5 #06 B. — 4> inode 5541 . 1] AT 24~ dentry
XN A~ inode, FRIAE SCAFBIREREN . T inode #B51% ARSI super block
XN

F M G G B A% MRS . B RIE 1 e X RS 1
FRAE I WK br HE 1 15 A o i S 3] 56 B SO RGE R AE R 8 o AT ARI ST R4
(Ext. Btrs. FAT 25) LARCANEIPISCA2ERY (Rl sCfF . HaRSOrF, W sofh4%), e
T A% R A AT 2 25 5], 75 VES M3 )= 1 L4 D e — 80, 1XER
VFS SCEARAERE 1 D) RER S8

7.4.3 VFS XES5#EMIED

VFS ARt 705 ) SCHF R 41 . #:1 i fs_struct Fil files_struct 2544
Ko o

fs_struct S5HMIEHR S XM RGN R, EENBOREHRMH B SO AR L
umask. B[R H k(1 dentry [1F5%] root LA SR 7 2471 H 2% 1 dentry [FI45%l pwd 5.

files_struct Z5F)EL 5 ZEAR CATH BT SCAFIAE B, FENE S A SCHIE R
HA fd array[], Fdl P E—I fd array[i]&— MR 1A file X2 EFREN, R 1 BN SC
PFRUATE (file deseriptor, fd). BEFEHITRS, FA04THF stdin, stdout £ stderr =4~ L1,



fd {6504 0. 1 1 2. LUSESBERS T N80, REE fd_array[ ] g — =8
RIS AT 0% AR file S5AA I FRE,  FFIR B0 MBS FRAE ki ORI fd.

&l 7-23 Hifiid T IREFERISCI R D &5 0 . TEERR A TT task struct H LA
feEl, —AMETRM fs_struct FREN fs, S —ANEFR N files_struct [F%] files. BEFEIMLL
IX AN FREHS B OGS RGET H I SIS B

| 2 ‘ HHEVESIED fileX % ‘ dentry i % inodeX| % ‘
fs_struct lﬁ /
T [ S (D
task_struct « :--__-__-__.' et L/—)
umas ! ! H

root — L . ! -
b L owd ——— | -] e -] |
1es ’_\ ~7 i i _____

| ¢ (D

files struct -
R )
fd_array[0] s—= :""J oo }
¥ v

fd array[l] $—= |
fd_array[2] ¢—=
fd_array[3] afile ) =

E 723 #1E5 VFS XHESHENQ

Fl 7-23 T fs_struct £5 84 files struct &5 F4E BIHEFE Y VES 42 H/E R A U643
& VFS 245, WS RGP E I CAFER filey dentry A1 inode X% 1 skl BE# . il
VFS #:11, HEFEATLAYT AR H 3. 2400 H RO etk B prosiE s 4 7
44, Hob fd array[0]. fd array[1]#1 fd array[2]/& R4 N UERE A s 3T IFIG 3 AMeiE
VO SCAf, JEEIER NS A2 KA file g8, A, BEFELITH T 530t
/home/zhao/afile, ‘&[] file 514 (E fd array[3], a2l e ) fd {542 3.

WH A fd E A file W, BEE file XFR 5L count by 1. (HiL AL
A2 A fACGHH 2ok AANFRERE D ERE FFE A file X Z AN fd &35 £ count
o1, B A fd ZEER L count B 1. 24 £ count Ky 0 B %A BEREAE XS
file T, XA file X Sl 2 #i 84 %

I 7-23 AT A A Sy PR DO FE m) K R B . T, SN AR AR VR R
JE MRE “2> afile”, Hi¥ fd_array[2]i%E82 3] afile SCF1Y file Xf % LRI, SEHLJHTE
AR H . SEATIT afile S0fF (¥ fd fE24 3), HUTRZGIH dup2(3, 2), ARG KM afile
A dup2() ARGV Zh R 2R —A fd TUAL S o) —A fd 1, AP fd 1R S [R—
A~ file [ dup2(3, 2)%% fd_array[3]& %] fd_array[2], fif fd_array[2]i% %] afile [¥) file
X%, ¥4 file M5 THEL £ count 324 2. 1715 (1) OCH] afile #:4E4% £ count A 1,
4 fd array[3]F . ZU afile (1] file XZAH7E, (H fdEHLAN 2, MR UE BN
ZBEFE stderr T .
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7.4.4 VFS XHH5ZFMNEO

TR E S AR S A%, VES T T HiE = iE 9247 (disk cache) HLi. #
B RS A4 A 3 N CERARE L R B AE N AE R, DU I U5 ) B AT TN fig PRk
Motk AT, AT R . VES AT RS = 9% A7 T 22 T 22 47 SO N 1) LT
24y, WANESAH H 2247 dentry A1 inode X542 [ H S TR £ .

1. THERF

AN ARG R R 3R AE . i SE BRI RE A ) IR, VS R RE A v
IRGAT R ARAT NS D ISR . AL TR, RANSAF A E LN A7 TR
BARLRAF OB 1, BRIMRR 4 S 2247 (page cache). BUMZEAr P ORTF T EIEHT
e 1 (IR LE SO UL o 30 R S WA AL VLA AC TR A N, DI 22 A7 K5 A% S (1) 2a £
AR BRI, VFS S EEESFX P adk, HRIIWEELH, S0 E5)
WA A . S NBERL WA S SNSRI, SRS PR A 4t 3
Wi .

2. THEFNEOLSN

LI A7 Az O R h e & bl 25 (R4 5t address_space, ‘&4 S5 UUIRIZE A7 182
Ho [ 7-24 4k | address_space [ 45§ LA SO 0L 22 47132 1 7 K.

file inode

address_spauj N VLA 45 AT
. . radix . - . . .
B P e e & -

' mapping -t page_tree
. i data a_ops

Eddrcssispacciopcrations extd_aops

readpage $— ext4_readpage()
writepage ~ ¢—— ext4_writepage()
write_begin ¢———= ext4 write_begin()
write_end  ¢—— ext4_write_end()

B 7-24 XHSTmEFNEQ

BA~ VES SCAFF) mode %) % #i4f iV —~~ address_space X%, —#oE ik ATE inode [
i_data “FPt, il i mapping 541K ViR . address_space "L 145 10 FTJE inode (145
£l host. 57 [ LR AR 055l page tree LI AL [ B b B (] #:AELE IR ET a_ops 55, 7E4T
TF—3CFI, 1Z3CHF) inode (1) 1_mapping FHEFREALT file X211 £ mapping, ki
FEAEH

3 BEMERSEM

FEVT 0] SCAER,  JERE FTAL R 1R 3 W maik () SR bk 73 1), 22 A7 B 4 179 A& DA
GIA A () DT R 5 () o P 2 DA) G ST — AN . address space IR EHERE &4 3L
A £ k= ] e b 1) 0T T G2 A7 (P kb ] L, ORI —ANRRO BN (radix B (IR E
R LR SEIN o« JER R AE F i R A7 2 OPLRN R iR, AN IS 22 5 LI 3¢
PEEE AR, RE A KBS Enk LT IR IR R oK. — B T 207 8] B9 S0
PEEANFATEL, TR R 25l AR M=K HH 12 B SO O o 8 [F) DT 22 A ) T
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5.

4. EEMNESIRE

Hohb A ] A2 25 80 04 address space operations, H:AVELE T EMT G247 UL 1%
AR R EEREl o e B 0#AE L readpage(). writepage(). write_begin()H1 write_end()-
JLr, readpage()F writepage() 73 il 1392 TR Lo 24 7 SEPAT S e I i il 03 5 B A N
W AZ K R TS P A B, R SO B WG B D N R A7 T, B SR A7 U5 A HE 4
write_begin()Hl write_end() A 5 2Z 7 SR EL, FH T4 FH P S A SO (R 8508 " NG A7 v
TESCA RERYILAAT s Mk [ A E S R ie b SEbr SO R RIELE . 18] 7-24 HhaRd
(14 Extd SCAFER AR AE SR ext4 aops.

e LU, WEE SN ASEI I, RN R g AT, RS
readpage() At — IR SEBR I BERER R AR, B SCPF B e A i, 4 330 ik =3 (8]
SERE Lo FESCOF B IR BT e IS 2 2B 1 o Bl SOOI B, R L I 25000 e
YNGR AT, SEW R DU As . S U IR AN SO R A I B R

UFETE S SO OO BB e 6 M SR IR o i N 7%, IR A S S IR, itk
AR 2 S RIIR B IXAE R 5 1 (R A7 SR B AL 1 v bR id o “E T (Rp
page fIATFH ) flags (AT B 1D WAL “ RIS HEFE” 25 WIS A 551> inode ¥R
INETT, SR R writepage (s e AT B MG .

745 XHRZHIMEEE

1. GEMG RS

H T AL VES G SCRF AR SO R SE, SCIF RN VES {3 M. Linux A%
W FEH SR — SR [ R G, IX S M R G R G ) BN B shibyd it 2] VES e 3L
fl 2R B SO RGP LUK AT N e B sl AR N3 R 48 [, eI 247
Va1 g8

VFS H file_system_type &Kl A DM X 248, XANEM g T
SCAFRGE AR SR LLAHR ) 5 B SO F 40 9 4266 pR 30T PR ECRR 5T mount()3% . T AT 2
VEMH ST R G M S5 KIRAEAE R AL file systems R . FEEERE— NSO RFEH,
VFS B HRXANEER, FIW RS0 LR U RS, UG

2. HERXHRS

ARG A e . RGTEVIU LI 1 e tE3E E RS X RS R4
“I7, BRI RGHFH AR RGN ENHET, EAHF O HER A
HE GRS RS SR R A, eI RS &2 Gevr vl - i, B+ USB
B A S0 R R /mnt/usb Ha R, g5 W 7-25 Jros. #3505, memo SR
PRAE 4w /mnt/usb/memo [ .

VFS H mount 5B CHBEM U REE, &8I0 s T XX RGP B
% mnt devname. ££:% 21 H > mnt mountpoint, VFS #3475 B mnt 25, 10RO EE mnt.
mnt &> vismount 288 [ ZE Rk, AR T Z S0 R4 M H kR4 mnt_root.
RS mnt_sb ML FRE mnt flags. & 7-26 iR T mount 5 F4 A EEZRHRAHE H 5%

&
——
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IE AP
HEE
| |...lmnt|...‘ ‘ |d0c‘ @ [I[I:V,\ | ‘lmntl‘ ‘

usb Ii| FEEE S | ush l ]
RS ML PERYT doc @

725 XHERGERTEE

mount
vismount
mnt_devname . [ \
mnt_mountpoint | <" | mnt_root $— s_root HE® d_inode HH
mnt | mnt_sb g d ;
.| mnt_flags entry inode

B 7-26 XHRGFRERBIAGH

SO RS R RAE VES REZ T S e se i@ A3 HER SO REEMIIR
H kI dentry HUCH:ZE U H K1) dentry, 4 ORI AT AAHERE f5 | BBk H 0 SO R
“girp.

HAM R G0 A 2 mount(), AR X 4. HEROD H 3 RS EAL., FE2E
JraCAE . HERE RN B AU W SO R S8R B 5k B0 R T 0T A5 K
file_system_type, 1L 1) mount()eki %, ABTEERE S REGMEE VFS LK
2 H &1 dentry F1 inode X %: ME—A mount £5 414, HINIZ LRSS E,
MAFRE . P HEEAHFM dentry, K HARIHA “CH%E” (d flags 11
DCACHE _MOUNTED {724 1). LU 7-25 X, H2E)5HMARE W 7-26 frx, 3
' mnt_devname 4 U #if ) [X [1] % % %4, mnt_mountpoint 4355 511 #1244 /mnt/usb, mnt_root
&0 U £ R G H 5.

PG IS0 RGe s n] LAUER Vi) 7o filln, 2950 U 4 1 memo 3L, VFS &
HCERE I 42 44 /mnt/usb/memo BEATIFHT . 24 AT E)/mnt/usb I, S usb H 3% 1H) dentry
Wb AN “ OHERE”. I VES 7ET4T mount £544 Hh#k 2 H5H:$ fi/mnt/usb A1)
mount £5#), FHEMEHE] U 2R H %1 dentry, SR)5 ML dentry JTUA4kEEMENT, 2k
733 memo {11 inode X % .

7.46 XHMRIE

HUPHEREAEH] Linux ZRGEHE A1 — ZLFAAEZR G0 U ORI T SRR . LR Ab 850 fF
BAE TR 2 LA T ZH R GUR A LA VES g se il 2 5l 7.

1. XHBIFTH S KA

FEAY FH SRR S S5 AT T TR . ATIF IR GG AIE open(), BT NS HAT
SCAFER AR A AT AR AE o FTITFRE O E 123 LA 277 AT TF, TR “ Hie” “3ig”
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“Eld” 5. DL gl BT SO S A G IR T AN, H U IR PR AR
AFTHZSEIRE . AT THRAE ) 5 1 3R (Bl 25 HERE — AN SO R 7 £d.

FTFF ST 1R SE R0 A AT N A7 T A B 2 S 1 VES A&, dr eIz KRR &S
WEFRIERE, R SCFIR T APR PR AN R . MR SO RIS Rk, AT IS0
BAERA AN

IO ERAEZ: 3RS DA SO /R R, 2 7E ik FE 11
files_struct £k & 21— 73 W 1 SCPFA R 0 £d_array([i]; B file A% AR L
{47 44 B AR BZ SO dentry s 24K B A1) 1% AR 1) inode; *Kf inoded_fop %5 file £ op,
inode.i mapping X245 file.f mapping; i H] file £ op->open(), AT IZFr ARG M0FT T
YE: ¥ file XPZMFREIEN fd array[i], &[0 1 48 4 SCTH-RGA T

AR, AR MR R T A RSO R S WA SR R A AL T A
MBI E, BYA BTN dentry, BEFIASS 4, RIGIRMIEN dentry. K
e B HACR, EORTE H I A7 P 3 R B H R e, A A ] 24 [T dentry
JITAS Y 1) inode.i_op->lookup() bR £, $4AT S B SCAF R G0 1 A 4k 45 AE, e E —4> dentry,
HEFSZ H 31 dentry [,

AT T —A T AT IF IS0 G 2 HARBEREFT I, W file 58 L2171
BB H @ H BNZ SCAF ) file 2544, F 51 VAL file £ count il 1, FREFIXA file 25 0E B A
HEFE N I fd array[i] EP AT,

BT T DMAAFTER SO BATIF B “QIE” (O CREAT) [, WE %
B SCEFTE %00 dentry, FH3EI'E(1) inode, #RJ5HAT inode.i op->create(), ]S
b S RGN B R AL, eI B A CRUE B ORI R AR 115 R H SR I
B TE R P AT G 22 ST T R4

KA RGO JE close(), ZHUE SCHFMIATT fd. RSO FE TAE2
Wi HEFE 5 Z ) VES X3 2 & . B s EL: ¥ filef count Jif 1. 4%t
f count 2 0 Wi ] file.f op->release(), SEFrith ¢S F, FRK file AT % &R BEHCC
i1 £d.

2. XERiIESES

BEE I RG] S readOFT write(). 'EATTA 3 NSEC AR A, NAF
DAl buf DR EALL ) FA 4L count. SCMFFERLS AALZIE CUEFT I, R4t fd
ZHRIEAEHRRR files_struct 5P ER fd array[ ][54, 32500 file X%, s
file £ mode & SCAFRGUT M ALFR, SR )5 AT filef op->read()a file.f op->write(), 5EH L
PRI o D R (PR AR B Y AT SO . file £ pos. U ITF 24, £ pos II{EH A

0. FESHAELHIG £ pos SAHN ML B, 5 # A ERT T LLAE H Iseek() 1B & £ pos [H1H.

VSO IR A R R A el filef mapping £k F ST A (1 M bl A% 7] % %
address_space, fffl 72 ZLEL (1) L, SR ) 1 FH DU 4% 2% B 4L find_get page()fF VLM Z2 A7 H 4k
W R AR A A G A, AR P AR buf 7 SR A M k=S e
FESE a_ops 1) readpage( PR, filk — IR FLE MR EAE . AU N I 2247 )5
FE LRI Z2A7 500 2 R P JEFE ) buf e

&
T ——
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BRI R 1 SR, ik address space fifi 78 B () UL, A8 5 R ] MRk A% ]
AETE a_ops HH I write begin()pR %L, 55 W 7 [F) buf 5 BN2247 v, FRAE i ik
BN brid, #EHAT write_end(RREUOR . VFS SRS RV a_ops 1Y
writepageQFREL, B — U ECIERYS BT, #5464 “DE” i 9 9015 i

T, SCIFERESE £ op 1 IF read )R write() /2 [A) 201525 bR 2L, 1] read iter()
A1 write_iter() Ul 0005 BRI AR [R5 PR e S R AR S8 A 1 S R A 50 IR 2%
PEPLZE, IMRCEMRT o Sl s WA AN ZE 00 RE, R R e, $AT B —A
read_iter(). write iter() R4 AT S LA 3RV . 0 TR A S I RE PV A% 45 DA 5 12 1) o
FHO7 QUM FNERE o IXFEEARVT 7SS VO #AE, e 1SR ERCE . AR
fF& 4 (i Ext3/Extd 25) KACKA 50750, Wik, M| filef op->read()Zk
filef op->write() P % B , VFS ¥ 2K A Hb ¥ & 4 17 file.f op->read iter() =k
file.f op->write_iter(), LAFU 77 56 P 1S #AE

>] il

7-1 AT ARIH? AT ARG ? RG24 2

72 AF AR SO B A R R B 2 2

73 SRR RLE I EAA W) LA? AT Ak AT

74 P2 HN? HAEMER 2T A2

7-5  Linux 3 RGK T4 FE1Z 45 F R B £ 4 ?

7-6  Linux 1) H s 5850 SO el X 51 ?

7-7 AP AR SRR E A A ? A Atk ?

7-8 {F Ext AFRSH, HEEH. AR 1 AFRIMEAT A7 SR ER R A?

7-9 445 7-2 HLER, AT AN /N A 4KB S0 R 48 CHE mkds a4 L -b 4096
WD, EF e AR

7-10 AP 2EEM I RS? CIER R A? B 5T X RFEAMCR?

7-11  VFS AW 2 Z0 52 EI1& Afd A E?

7-12 VFS [ inode 5 Ext [AR 5|1 A2 MG AKR?

7-13  falif VFS TLHZZAF1E

7-14  VES I S04 AE 3T A7 SCHHRTT fd 244 St aEH?

7-15  VFS ifel e PR i 5 Se g ok 2
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AR RIE e DS I RS R - € T E AN (T MR/ 3 i e 19 O P SR
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VO B&MEREL, mHWHR MR AW ARAZES, Bk, s E a5
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8.1 XEEIBHLA

8.1.1 EREEENTIIEE

WA ZERETHEERE, LN R WA S 58 F W% & k4 st
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JEMNZEIR A ERR, ER A REH R R A AT HRCE, e VO REMPERE: &M
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8.1.2 WEMIE
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SEH AN B

2. R FSIEIRE
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20 AT DMA #0345, wT LA DMA £ 4% 0% DMA i KRR DMA W%

5) W

KEEGSE S WA ZEELD . — Ml UERE G E, M EOEE -/
W WA BB TV BRI & 15 5 A% LR SR FUR & RAR SR R 1E

2. VO #O

W T I R, VU A R AP T AR R A R L, X
RS IR ER BT, AT TS ARGV I R Al L i Lok 5 R4k . R
PR IR A FRIAR, AT LUK VO B/ A M. — 2R ml i S P ) 4%
PRI AREEL, mH L. JFH. USB # S S Tl VO #1;  REAEERE
HIMEECE N , W IDE. SATA M1 SCSI 3 L # it Ar i s & 14 i, .
Flbr 5 W s s i B T O

WL VO 3 HDER & 17 ] UG VR K e PRI 3R M D e 20 S L T = VO $21
SIS CPU HAEEEEM /7 (IhfE, 4E VO S, ZEobiX, HHir A DMA #5#14%, 15
W A IO RIS B N (¥ 4% AT SEBL. 0 4n, IDE BE4L¥%EH7E IDE B 10 b, Wi
WAL XA LY CPU A, 1M 5 RIS A G i 4 il 58 70 W SR e Ae T W B A3 (1) 3K
B L.

FRAENN VO $2 10 B I TR R A A T 7, oo il 20 DU S IR0 B2 1) e 2 4
HIThRe Rl Al Xfh B QAT e IR R A R “R R k. T2 BNk, USB
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B S BT AR IR RE I . NIXAS A, VO B LR ERMIfE T
(P A il s, s A& WA VRIS “RREL” TIBt . 0 LIRS H R —L L H1
VO #1142, W IDE #6125, SCST Ehlas4, mifk Ak Heiil I i 1/0 2 1 sl Ha b
BOT.

3. BESRGRER

Hghk R, &S RAEMERL T X EA PR PRI W& AR+ R
(dumb) ¥4, WHNER RF+FH: H—MiE VO &+ “Ffe” (intelligent) ¥ &, I
USB #1+USB &4 (5 USB #+4MNE = R340, HRGA FIA(E, Bl fuixee s
AR, S R R

4. VO &EWEIR

VO W& WA ekt —Se RG I A e S RGAT A T, VO W& I BT 5 A1 & 2
FEIAS . SHEARE R ILRD

(1) VO &g ks Fl 38 A~ VO i LA AF 354 — A ME— sk, — A4
PRFTHIAY VO ity L Rk () S AR A 2 15 24 1 1O Y

(2) THIHIE S IRQ: e HiE i WA 1 Wk 5 h

(3) ZEppDXHhb: 45 i 3 b 28 p X BT LSt 1 P9 A7 kv e

(4) DMA iS5 : #4411 DMA {i F () DMA JHiE 56,

PEZAERE I, RGN ISR /0 BUIX BB I, FFORUE AT 2 1) BE IR A AH P e
R EHH L E T %4 IR A el 14 15 M TAE
8.1.4 /0 RGHIREHE1S

ST AR TSRS, VO RSN MR A BRI ZE R . KEATEL A
FHL VO RGN VO B4 FHRAMEHRS, AMEHEE N E Rt m, BEifxk

A MIER VO REctEfFaii . #Hl (B PC KL (1) VO Rt fF45 b W LA e, i
WM ek, B CPU. WAAH VO Wi Bl b, Wil 8-2 .

W | | e ] EHE T R
L 1 A

CPU

Wk

E 82 PCHIEI VO REHEHLEH

AR R AR IR 2 LB ER Al . RGN ISR Al SR A, BT A
SESELE I SR TR . RGN 3 N TR, B HihE S 2. AR A
e B L. bl B2 th B A Il Aol ST PR Sk L
{552, HRERI MRS D RIAETIE S, Wb Bigk, DMA iERKE 55,

&t CPU #5ifil. CPU A LA R D& if o] WAF A&, JFEE IR N A7 R & 22 7]

\ B
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oA . SR A S AT 7 2, AR Ve 45 e B BRI A A B s, e BT
AFFIRG RAHE FABUS Bl B 2T A

TERMER S R G, B A8 itk 2 & A7 L R Fh.

(1) CPU S8 1) 715 B s AT A N, 1 CPU 53 8 5 A7 2 B I A a A8 e
IR, CPU Mzl ¥dain®] CPU N MEfFash, BERINAYoch; %l
IS DUAE 2, N A B8O 1 B CPU T A£ 4 b, 1 B4 3 1R A5ah B A s

(2) CPU 5Bk &0 e i, UL DMA AT . DMA £l as ok B
ARG, RTINS iR S WA A . ST DMA BoRA4E 0 8.2.3 5.

8.1.5 /0 R4
VO REGUEE B & 2 e & AT K AL R i) BT A7 BB PF I G . /O REERITRAF
KEXH PR BT, W 8-3 Fian. 7rRE8MIRRZ B RMICE Sy, M

IR FE P2 . L IE A & B, G VO R4 DM VO #iT#:%. LE
AR S 20, B AL R [T HERER VO s K.

EDabid =
/O 3k
VOZ G 1
VOPAT R4
W& EAFRIT | & WanTEF PR IR BRI
1
|

8-3 /0 ZGEHIREEWM

VO RGN IIRe .

1. VO %O

U0 RS8N SR /1 3R A8 1 VO 5K, FRI4 45 SR Bl ) . i,
e BT EL R T g

(1) WRMa4 . foan A& T A 4. A8 VO K
A & 44 SR AR e TR IR e &, AN SEBI 7 i A8 Ay

(2) WARMRY . BN AEE T VIR AR . BB VO WK # K e
HEREIOIACIR, B 1L 5 2 g VA

2. /0 HITRS

VO AT RGE T TTALFEF F HEAC 1 T/O 3K, TR AR %119 T/O $4E, AReh Aty
(RS IKENFE S, PR PT84 Rk T4, IRRIGH . XA B 2L R UhE:

(1) WA o K VO 153K o0 38 48 25 118 SR A8 8 0 4 BE B 44 A K
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(2) B RC. $4— SN v o Bear BEREAE T, AT 52 B e e 4%

(3) VO . X VO #AEMIMUTIATIAL, J35) & WENFE AT VO 1k

(4) SEpP X L. R MBI AL MR 220 7. MRS EdiinT, RIGHEA K
M MRS, RECEE PG X, A5 SR VO SRR AT Ih .

3 REFERHME

WA IR ) 2 AR WA I IR AN R P R AL BEAR S, e 0T A LR IR B A ARG . B
PRI R R AR ) 3 OB, & AR AR R A AT ACIE, 5T IR & I SR B A2
T A B T DT A BB A P AR R TR W S K T E TR T

(1) B dsh. Wi LRHEL A& iAT, HA VO il Rt a2l

(2) FWTARRE . X5 A ER A S5 R B DUEAT AR B

8.2 HEEMHAMEXEAK

AT PR B AR M ARG NI, L RGIA VO thig, & &y
W T SOCHEOR, BERPREOR. ZohEeR. MIEHR. DMA HARSE,

8.2.1 HHrEA

1. PHTRSHEES

VAT, RGN AN R A T A T S 8 CPU 4B, CPU
R O S AT HERR AT, R HUT M I AR PR, FRA B e e S SR Bl
WrAb gk ez AT, XA FFR P Ginterrupt) . D SR E 38 S R BT HA P K
RO AU S, WP MRS, MR e RERE I
LH R A E A

FEFWHE AR I Z fT, CPU a3l & T VO 54 )5, AR EE 1 &3 s (1)
TR RSN, BRI A TERERAE. EXR VO #1775 F, CPU S5&& & AT LI
(17, XX} CPU KUt MR IR o FFTHEAR ISR 1R HLR G R . i
SEILT g B CPU JEM AT B . XFE, CPU i 8R4 8 AF 5 ol LAk EE T IoAh
T, AP T Sl dREE, R E R CPU R —ATlifi s, CPU
Wi 12 T S B B AT T T IR BT AR BERE Y o (R, WA CPU AT LA S & FFAT
TAE, KHSEE T RAMIZITHCR.

FHTEAR S Y I E VO et b, el AR B % A0 CPU 195117 TAERCA T fg.
i1 J W B AR KB % 2 AN ILA S IRTE, M E CPU M T b sl A3 1 E 4
AR R EE ) 8K T P T BOE AT A B ATLUE L, P Ioo PR R &
NHEK, ERAGEVIFRIGHNIER, K2R RGEBIEAN AR,

2. PHTRS a2

o [ HH B R A ) SRR g R T o R BT S B AR IS, H RS CPU
KA LB i, TR, Aomishl et s A AR Y.
FTHLRG AR Z P, 2l A A A7 B RT Ly A P Hh RN A 1w i oK

b
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W ER T TE CPU AT TR 2 I R T (R0 A 28 1) e i S, R B0h 0 A
TURRE S . X SRR 3 (exception) . BbAb, R EE & A A 1E 1L —FidER
(YN ER T, FROh FIBG (trap) BREAF T (software interrupt) .

SEERIT R CPU ZAMUBEAES A 5 2 S, 23 3ARBE il W 55 AT i i o B
HKo AEBEmch WL R bR G DR R SR, IR, AR RS . X
fa RS IaAT, BEt— B R AT B ACEE . o] Bk I = 22 th i & VO #AERTS|
RI, P VO Hikr. Fll, & 3RE S0 pi)a B E H IRES RN, R & i
#ha Rkt VO hlifEs . xR W K AR, 7R T AT DL B, st
AR CPU Z .

AR, RE R MRER T TP WS . CPU AR A I 5 SR DR I,
SR U FAH L R AL B RS oA T AR B o R AN R RS R A B, o Ak T Sl 15 AN
[l AN HE &I VO i, b lriab 2 pLE] SR

3. PETRIEK

B AR WS S 348 4T CPU, iR ILHEAT AR PE, XA AT AR FR O Hh Wi oK o
T VO & NEE xR, i eNsS CPU HEERE RS T W5 S, BibdHE 4
FRE] SRRV N MR, I AN SR A AT 4R FE P T 2% (Programmable Interrupt Controller,
PIC). i1 (¥ VO "I IKif5 S HI RS PIC, Hh e REAT B (K8 AN 5 P §2 484 CPUL

PIC )—¥mitiid 2 2 i 2 b5 5N W & il dsAE, Bllo & s 95—
sl — 4P kg SR S CPU MliE, [ CPU 248k . PIC HI&4h gk —
N, FOSTWIERYS (Interrupt Requests, IRQ)D. W A3k IRQ G A e fli %)
NI Rk, W PIC AiXH Wi . T B&fEaE, TiESE—1 IRQ 5 0hd
SN, eIt ENE T Wrg. 2 PIC Kl B ek a5, Bz ks
(1 IRQ ‘T #6312 CPU m[ IR, |5 CPU A th i K.

4. F T RY NG R

CPU 7EWL B W5 5 J5 B AT A0 IO HERE, e AHH I () o B A 3R P ik A T Ak 24,
A RN RS FERR A BT Y. . CPU FERFIR AT 58— 438 2 S M A A AT o rh ik, 78
A B & BBk BT CPU 22 SE B -7 LAM Y .

FEA LT WG R A S A 20 AT MmN . SFFFEbt i W, — B AN CPU 440
ToAAFM N T AT e R, CPU &5 T AN T CPU W il R VPR &
fro ZIRAALA 0 I, CPU FgAmI N iy, XFARPW: Z2RENH 1w, WAy
CPU Wiy NIy, SXARAH . fE2ESE 00 T CPU AT H T ICIRA . (HAEAT S5 T,
N WAL O EFE AT RERE R AL MEAR D) B iU i A #5544, 4 T DRIESRAE M I 70, 1
A 2GR, H R AE e k.

CPU M) B i) A E 2K 2 P W iiA #5K&  (Interrupt Descriptor Table, IDT),
TP RAE T AT R WA FEFE RN D Mkl . IDT 3R fRAE R G 4D, A RE VIR B
WHESEH, 25 CPU gal AR 7 T .

ch T R ) 2 S AL . M PIC ZRIP TS, W5 R R IDT, £33+
WSl I b T AR FE R e N bk, ARG ORAT S AT RERE I S S, BN W AR B e N
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1R AT AT ) o B A B Y o

5. hETAYALEE

BEA TR AR WAL BERR R, I ARG T 2 A VF2 PR # R, W
Bl AL PERE . B R AR PERE A o R T AL B e 1 A TR AR R B i R LA
BB

(D PRIz . TP W s (I AR L, L ORAF T WO AR LA S A7 2% . TER
Ja T AR E R, AR R AR SR N B M AT RE SR . Ik, FEIEA T AR PR
Ja s EOGER R A AR LS R s TR R IS SR AR AR AT

(2) AP, ARG AR B & AR B A R T . X T VO Pk, st
R Ak P IV 1 T e IO AR PRI h T R St R WSR2 VO $RAE5E R,
WIEAT VO 5eRALRE, SRIGMCBESERy VO BIIEREREA T AbBE e 5 S TE i) 28 1l 8 A AT

I E IR R

(3) R B E]. H AP E RS, H O I N OR T 1 25 A7 dE VK B2 31 CPU 1)
AR, REHAT TR [RIFR A, A AT R

6. FHiE VO RGP rif

AT PA =N RS I D WL HE ], MEEE R DO P SERR R . A R
FOR (5 2 S AN 7F 8.6.7 T —0 A48,

TELHE AR S ISR, &P WA P i 2 B R R . B &
DRI B AR B SRS, SRR B AL AR e ) 47 ST A B X e 1A . LR AR 40
R, 2 R BRI — AN AL RS B 2 7= A — AR S (o T (KA
KNI T BRI 20 M, R m MR R B0, %45 540t PIC $24845 CPU. CPU i1 ik
o T S (2 5 N b T BT R A BEAR

FUREB AL BT (0 AL PR LA F 0, O e I a5 B L PRI R AR A B e, BN
AR IX, SAJEIR . RSB IX — R 0 1 BT S o gt Sk M Gg ik
D, ARG IR B R PR AR R X, FERTIOALE L e . IXFER S 1
FAR S RSP, RARFFEE T, RSk — R8I, 1
SEFLIR R R R, FEMLEROR Bl WARTE i LSS 17 4R, Wk R
AL, PR RERE SN, A IE A W R R B AR EE, e AL AR
Bahut B 7.

Xof SR A B T P AR B A RO RE O R B, ORI S s e . HB AR Th i
8.2.2 ZHWMEZIEFR A

TR AR TGN, ARG % VO 4.2 B LA VO #4561 CPU 2 8] Al L4171
fE. (HTO %5 CPU MALELE S A B4 BRI 2, X TR 7r 05 E Ak K= 5
AL H . Bk, VO %5 CPU Z IR 1K & AN ULAL ) M2 T ARGt g ik
7 =TI 2 A 1 N R R @R P rEs U i 0 N

AN07)
—
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1. i AK

Zzpp (buffering) FAGIE A T AR YL HT CPU 2 ] A FHEE & ANV I ) ] @i 51
(1. CPU [PJEHEALFE T LA B FR L, 6 TR R EX A ML A e, L
A P AP o P B A IR sk an R — AN K AR 7K 5 — A/ AR IFK
R, YRS AR LRMS. 450, BERRISAT DAL i e A AL A
s FIANTFAS I IS S5 R 1 15 4 1 1 by o B0 A\ X L6 554 .

PRI A AR YETE T CPU 4B W 5 VO 1A Ak PIECH 1K) AN UL
Blo SERRAENG Y, N A7 7R - A S AN VT 4 3 7 408 aT LUK T 22 AR A e
filtn, h 1o fiRtbEsK 5 KR E BEAVLEC ), AT DB — AN KR AR K . IX 22
MR, AT VO #RERG, SeeP i) AR 7E N A7 SO Sns A7 X R i B g v X
(buffer). BEFEEEEFT4THIT, BB S s 2220 X rh, ARG dREEA T o S5/
0 R LA T2 [ R AN i DX I B D 5 B R AR . 0 R R AR AR E
AR . P R AEE S AGP X B S I R B R, B B X
DRI AN B o IXPEEROEE 1RSI S, iy 1 CPU S4h e it 3747
PRI

2. BIEFROR

S22 R G A ZE N 1 57— MR IE AT (caching) HiAR. Z247IX (cache) 72
A1 T S AT T A % A8 00 R S T A B B AT DX, 0 T AT A R A L 22
fE e fEEdRRIS R, AP E] VO SRt R, (W) of 10 ek 22 47 X 1 H s
RO T — RV BRI G SR AE D A4, SR o AN 75 22 )3 sh S
AT DAL B NGEAF A3 208, SO R A AR s A AR AT, WS Bl
FRATEAR VO #:4F . IXFE, 2 B AR, 2% U5 A AR A X 4,
RGN A IR S R PEE, REEMW VO KRR bkl o 35 hdg &, [RIf b n] 44
WA Al FH A

FAERG D) Z NI T AR, WsCF RS I UM A H s A5 . N
AR PR A slab thIE—FhORAF . BAh, NHEA & O F AR SRS Stk fig,
Web 45 4 #2085 4 U7 [l () W TUIRAFAE G A7 T, DAY ey A% U7 o] e 1, vl W 4 i 2

3. ZHWEEENESR

e 5 AT N AEAR IR BEAE FE AL, WA 3, #mT EARRCA 22 0h . AP
Z B SATAE s B2 57 Ge P AR AR T I R S AN VLBC) VO AR 4wl #e, g7 m)
VEFTE T D% V4 B SEBR U I3 . XA ZE 7 S 30T I M T A A AL

— MOk, SRR X Ay Rk, U RERRTT AR A R A e Sy, — B R e e
FEr BB DAk, 22 b X LGB A EAR MVE . 2247 X I AEdn A G, SR 10 B
A DA I T AR AF AR A X, RS TS AN H Y. anscfF R i ilmige 47 Bk
I AT AT AN RGESAT WA AE T A, HSCIF R EAE

AL, GRP DX BAH R T, ARG L S A SRR 23 WO ST DA R LT B Rl
T D A7 X [ 2 ) 7 S0 P B A i B, DAR S D Il ()i R 28, dpe R B b R 4% 92 AT
(VERT . lhn, RG4S A7 S 2 g IR S N A7 AR G2 A7, IR S5 Y I 22 A7
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4

ENH b, JERERIIE LS 2 v ER, & 1 VO HEfEA - b 3 2 frHeR .

4. ZHHEIAR

ARG v X T AE A B, AT LA B PR SR ZE P P b o B gl 1 7 1 Y 1282
M, PR AETIR S L, Mg RN R R X .

1) BRGEM IS T 2

WM IEAENAP B X, AP E A IR s R s . AR s
MGz XA E G2 X 3 A LU LR

(1) $gzppe HRE MWK BTN X JE T IR AP0, 305 2z ph 2 R
IR AT VT 1]

(2) WZrh. WEMADZMX, — RS —ADNENXE, 5 AR LA
—ANEMIX, XRETE e R SR T B S R AR AT

(3) HIEZEM . ¥ 2 AR EER — NS, S N FEFEAG B 0 5 45
AN, B ERE BE Jo U R AN g ph X . B E B EAEIE LT, e AT LU
ATV TAE . SRR P TS AT R, S R i .

(4) ZEphith. UL FZEphX AL A VO SRR ER, B TEHZWX, FHEA
e PRI AR, BEIIEREFSE S, 24 Vo dREdtE, i
PR R, e R G R X B T b X R R

2) RELE it SEI 7T

PEZE PPl AE T % IR E AR, TERR W IBAARA R VO 2 11 Z M B — A~ G2 R
AFYER . DI DA W], RGBT — IME U R 2 i s F T8
AR, IR, BRI R S P IS F AR U AR T A EE
JUA S IR RN S A7 . N IRPATILARAE N SR S A Ak, an SR U m] S Bk
B, A B R E . R B A A LU BOE SR, TR R — IR I
MRS . BB, BAFASD DEEIRS AR b, RS
W, RIGRIESL RS — MEECR W . )5, BEATFE2S R FR 28 47 P I B 5 3
G

MRERL A7 1) - mT A, A8 F 247 T LYl 1) e 4 1F R T BRI ZE IR, 2
R AR Ay, A58, SAPI R/ X R BN A AR, KINEAZRE KIR
JE B R A A PR e . LA IR RESE M AF A 5l 64~512MB.

8.2.3 DMA#FHA

P A i 77 S ] VO AZIE N, %L — AN 7 2 n) CPU K — IR ITiE K, 5% 1KB
Bt A R T 2 P ITE R, IXN T RGBSR KR, O T o> CPU X VO 184
LR T-T, A6 PCHLRSEH 5N T DMA HL, AR v & s B A5 .

DMA U Be/7 ¢ U511 (Direct Memory Access ), i JEARE FH— N0k 1) v 221
RIS, AT L3S B . XN BRI DMA $5 45

FELLEZ A O A RE T, AT TR A2 A S B 2tk 7. RIS B

RN209
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Linux JBERGEEN . RIPSMA (56 2 hk)

CPU, Wl 2ut, a2 CPU 2 558k, MUl R4k DR N
1%. DMA #EifI2s Rk 2 A 7E T & A\ CPU IS HL 45 I M fi A M2k 5 ki, 7R3 CPU
25 TS WA BEAGE A . HEME BT B EE AV E1L CPU M
1785, HENKEGANTEMNNAFENEF . AR, &A™ A,
A AE AR A% a0 56 G A I CPU & .

SRR A0, DMA 5 sCERPTAL 4 (1 R X 20 AR AR IR X, (HNAEIX
A DAANES: . AT, —IK DMA B80E N RS —4UMAR I B X, H A DO I Se s
DRET AR BAFEINAE . FIFERL, —IK DMA S#AE AT DU T- N A7 X B i
i, BHEGANB—LUES X

AN SEHEN) DMA AL R B L IR 4 NP IR

(1) DMA %3k,

CPU jlii VO $84-k¥)4i1k DMA #5488, e ke VO B1EN S 4. DMA #1EH
SRASF A IFR IR BTG AR B Uh B X R X 5. B MmN £ X%, B)5, CPU
) B A g R R 2, R A A e & 47, SR)5 17 DMA $E s g oK

(2) DMA M},

DMA il 25 % DMA 52K 7 LR, 485 1) CPU A S 2l AL k. CPU 7E
AP FAIPAT R E N TSR, SRELENE. M5, DMA faH 358 2k o
G R, JT R DMA {54 .

(3) DMA {&%i.

DMA #EHl#e ik na=hitla, Mik&EHSA MRS aS, BhRsaEES N
AT R AR . FEAESLFET, DMA FEHl s eHEE I T TH G Atk i St
A5 B F0E A H I AL A oe Be.

(4) DMA #5.

SERCGIE It B 1% 5, DMA =8 AU EUR R4 HIBL, 1M & iilgs &
SE(E S, 3E ) CPU 2 DMA HrIrid sl . CPU Wi 1 o W7 J 8 380 o b7 Ak 5P b 31 DMA
MES R PN ORISR NN AF I E L e, WA fE R R 1o
P, U RATYREEALE T RS, PRI SE RS, CPU IR MUk i R gk 4 AT .

ATLVE H, 78 DMA &8s iEE T, W& A5 E NPl &8s, UEfE
BTN SE RN A B E B CPU. Ftk, DMA J5aUR A i s> T CPU Xt 1O #5i
(T, KKELE T CPU S &I FEAT LR,

L DMA (175 3 5B A J A 77 20 cPU N, HATE & % H. Lk
WEFR 7 X, 7E DMA &St FErp#4s 5 i CPU [ LAE I, CPU [EF) T4 (582 4 T b4
fik. Ak, DMA fifilgsfigns (& W, JUERH T PC ML RimbLAY.

8.3 1O #E#HIAR

VO bk BB oA VO &5 CPU. WAEZ G, 13X 3 & B B —A
LEINE . AU SRR, VO #6107 AW EA Wi & g . MR IFEF VO
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A, RIERIFRRHA 0. DMA 5 AR 7 8, B e AW & . st
TR R R TR — 4 02 B LS R g/ CPU X VO &4 T, 3 CPU M Z%(K) VO
PRl S I Sk, $2 i CPU 54M% I IEATALFR

8.3.1 EFEH/1/0 AR

FEBLA I A FPREF oA M T o s TRRER “f/H” (busy) Fx
Bl ZAN 1 R BT, O 0 ER RN EFRER AT DO Wk TiE & 7T LU X A
PRAEAL, BRI AT TARRES . FEAEE] VO T 2002 T VO IYHERE By i)
PRSI R B 1 VO #RfE. Dl o, BEREAES LT 2 i das, ARaiiid
VO % fashitsh, BW&EIFmAmEds, HBE “io” fnk. midifmdied, ik
TR “Ho/PH” BRASAL, ELRIBCR ek T AR, JHERR T i bRs. 2R
FEAREEAT, dEs Tt EdE . B 8-4 fiiik TR VO 77 sKH) MBI .

B % eIk IShuacs 1% TERk
hife wwe N\ _— |
CPU % ______ L _& ______ WRAEF N
VO O

i b ---— oo
E 84 IZFFiZE VO F R EIRIER

TEHEAAE R FE T, SR — B 5 4G CPU, 1 CPU i) J 4y TAESETEA it

Y RS, BT LUX A4 U FR 78 1 (polling) /73, FHFAh & 198 B Ltk CPU

TRIRZ, {f CPU [ EMRRSrese W . ik, 7EiXHP 72U F CPU SAME SRR I

FEFFEH] VO J5 UL BT SEHLAR SR VO J5 e BEATE LRSI SHF
LR A UG EIEFE . Hal A a5 ILRg .

8.3.2 il l/O A

il VO J7 AR PR R R AR AR, CPU IR )ik &7 1O
Fedl o EJE CPU AR MRS A, M2 4k SR AT JsL A sk AL B R o 3 A i il i
W T/O iy A BB RAR IV 45 AT B A8, e & s ik VO 4B 5, KA T 77 U 1m) CPU
it CPU M rh W, BT b 2 TR AT, # 2EAT P A 22 o e Ak 2 58 1
Jei, CPU % 24 b W b FL S0 i BE (R IERE 4R a0 AT . 1 8-5 #ifik 1 b I VO iy AL g
YERSFF .

HlT VO 7 A S i & WL . ZEHR I AU, CPU 5 VO # & 3R T4 T, CPU
A VO WA TR, XA s 7B ZATENFI ARG A&, Hf
PRI I o B R0 P A B 3 DA B A R AL PR AR ELRE B CPU M) R, fEabd T KB Eds
ACHI, TR T2 B R S PR

\vP
S
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Linux JBIERGEEN . RIPSMA (56 2 k)

ISR i3t i T et 15 i AT

HEE
cpu | BB |/ TR \ LbPE ’/ TR
| | |

. | VO {E | | IO#(E |
i f--- — T

8-5 iy VO AR BIR{ERF

8.3.3 DMA 7%

DMA J5 UM AR L R Gl R 75 S B AL 5T, CPU [n) DMA #5858 & )5 50
i, [T &S . N EhE AR 252400 51 DMA #5145, 25 CPU k4T
ﬁ&gDMA?ﬂ%WE*&%&?%HW@%%ﬁ% e Bl e s, DMA
W R T A CPU, CPU BEATAHR [ WAL EE, SR J5 4k 22 AT 2EFE . 18] 8-6 HiiiA T DMA

7730 VO FRAER

JHEHDMA DMA Ffalk
HERT Halky
/ PITEER AbEE PUTUERE
CPU | } | |
oA [ ] PSR b
VVO(F VOB
it - - e

[ 8-6 DMA A=A VO R1ERTFF

7 DMA 77, 3 ER R AR L AR AN T B CPU (-1, ez il s SRR
B 1 CPU (44, L4 T CPU Al VO #4410 AT e FEE .

DMA J5 R[5 A S AGERE M T 30%, JUHE DMA W& 820, 285
Z ¥ CPU TAERM, wmdfEiisfr &%,

8.3.4 BEAT

B SR SRR I T R BIHL 2 S A ST A B (Rl R SE P VO AR . s
(channel) J&— A& [ TH T VO FRE AR, BRI mERY, BHAhREEFEZ
WAkt . MIE ) TAERLFR & CPU B il fe /iy, hEEigT, RG4Eharit
o IXBINE Y, Lt%amEmAﬁﬁIﬁm CPU AT RS, MiEHATIMIERE Y,
PRl 5N Al . R R, lE T AsmiE S W e CPU RS, CPU Ab
PS¢ I T e mT DA B A AT T .

30T 2 ] ST s AT AR, T LUE RS T AAS M E] CPU T30 . JlE K
T FrE 1 VO i TAE, {13 CPU "] LASE 4R MAT VO #AERI T35, BRI K A 45
P R 4 HAT JE5 w1 VO



8.4 WEHSESIHE

ARG AT i BEEE th VO RYESE BRI Y . BERE T EHET VO #7A4E:
i, gt R g, BRGSO . T AERR 13 AN B R A B A TR,
RPN FAFAI P, ELEIIT R & T

8.4.1 BEREDEKTTE

MBEREPE T VO 3R, VO REUEL & [ SRng 8 B & r Mo gr BT . W
AC I J it AT BE M R A RE (N R, (R S RE TR o0 A HE e (AT 2R

1. 2EAR

BRI 77 AT A OB AR P BE M Rk . B A 7 WO AEIERE TT 4RI AT AT A — X
M E BT W E e, BRI T — BRI, BRSITaREA
R WA AT, ER AR R 3ha 0 Al w2 SR A IE AT IR FP AR
i £ HE R B IR K, REHE T BCHTE N E /B, AU S A0 LRV . 337y
AT AP v AT 38, PRSI G608 3 KT 1) 70l 77 5K

2. SECEREE

BRI BCI NS 2 Al 2 Sy IR E AR AL E . 70 I5C S IR e B 6 V1 [ A
R R Y QAR LR N W SR o e /A LW B S e U = MRS N
b BRI RO B . SRR AT A R o 2 AR, | VO R
SRR BB HEFEXS B 1 U7 1) K o

Py e LURE R Iy SR AT P, DT B (KR 3R AR XA 1)l [ — A
TG AU, RIOCABERE /M AU e, R B el o I et . SR
FABE B B ARSI, 8.4.2 75

3. MARENSEEE

A7 2 AR [R] INE SR B I, FRGENR A S e K B A HC A TR Ak
FEALEF . 2 MOS0 4 Se ko AR S pa ol

JeRESE AR PG BERE RS WA P I RIS Ja IR, R Bk 2 Mo gy ERE AT . BT
JVEAF RN B IR S A o XA STIL S b LA C, U A L e & 1 i 5 %
P, MEEREE ML RIAT . AR, SeREsT AR RO, BRI H T2 BCR ST
KMo
DLSE L TR0t VO w3 i 1) 47 8L e 2R I A G« Midd i Se R VO
R T = B FER BN HEAEBA SR . SO PP BB DLIEZ R R AR
et 3, DT LURPRSE .

4 HEREAEERX

RITER RN VO PRI T oo i o T S A A i, A AU RIVT R
AEREAIIN D71 o AR 1§ 2 A U5 1] AL B2 BEALI . AT FODCRF AN 2l 236 R Sk 2K
WAz, ABCRRKEE. Bk, FEAZREA VO WRAR LRI, A TA 2zt
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VO LA RERZIAT - VO T A s M DAL U [ $RA AOUKRF, ARRE Sk (K A% sl 3 B 2D
M5 iy A& TRIPAT R0« W3 VO 53K )5, VO U FERE P 2t U B Fil AR (0 S04 3L
AR AEKRBAFIT, BB BN PR A B B FE P X AT

8.4.2 EHLEEREA

bR AE BUN TN Hege AR . TR R S, 36 B Al A
6] — B & IR AK I ] M2 55 . ldn, AT 2 AN IEFE AT EIRL, FEANERE
(4T ENEF R L2 Bl 48— N RAFT YL R \EAEFTED Y, HETE S 1R T A7 A2 40
WA I ] S8 A o IXFE S 52 T BEAZ (BT IE ., Ml il Fie& g stal. A
e, Bl A VO RS REIF A

TR V2% 23 C T SR ), B AR AR P SR B R O ol R — A
VW A, LB PR A R VRS BRI AT 445/ (Simultaneous Peripheral
Operation On-Line, SPOOL). SPOOLing [1) AL 7E mid L 5 46 LBl £ & R Al
W, ISR RGEBORE . XL SR M W & T R R &, 2 FSeilE 4]
ETHL.

SPOOLing F 4 #1577 58 A AR RE B 55 UM AF At 25 T JT R — S [ E X I, FRoA T/O
o Y FEE SR A HEIE, H VO HEnEiE s 5, #1 SPOOLing R4 45
FEIG 2 IS VO Herb (P B AL g S b a& o AT EFE R0, VO gt -6 ek
(1) LT 25 o

Kl 8-7 ik T SPOOLing A& M TARIATE . RETEAMFITRE T — AT EIH LA H A
— MU H . R PR R, X — S R EIYLA — & R R L. i
PR MR LS A B i, SPOOLing R 40 s AL, B ¥ AL N FE
B e ERE B N NG IRIELE , AHR SR bR T s, e EdE &

HHEANSTENHL T 3, ARG AR ELE 1T 7eim IS RT EN B B s B AT ENBAZ1), HH
SPOOLing 417 il 751 4 11 I 58 B S B 4 T T4
FH IME
SPOOLIng A4 f=~—0__|
Q/ HEFEL *:"“‘»/.5;\\ AL
L LA

PEFE2 ="
BT AL i

[ 8-7 SPOOLing Z T{EREREE

HEAULBE A B 1 AT DAY 2D HERE ) B e 19 S5 45 I 18] &b, 3 T DL ke 25 AN BEFE XS Ay 8¢
#HIOTEF . B, ERE T REITEINLI RS, BN IEREHS Al LUBE I $hAT 4T B
BAF, FBARGATEINLE A O . Xl B, AT R B KT A 2 5 Dl BEFE
SEA .



B85 REBH

8.5 IZEHIIRF)

WA IINENZE VO RERKZHINRE, M KRR e M. B INENFE P2 e
RGN R E R BRI A BB 5r, TEN ARG 5 A 60% LA L 1 LE il

851 ‘BEMIER=NAR

W& KA FE) T (device driver) s HEE FLAEE D e a5 0. MK 8-3 im]
LG, WRMEhFF+ VO ARG, e N FE AR VO gk, I
ALV A T I AR, PR e o 4 il ds 58 A AL B I 2 FE . IREDFEIY R
e TR SRR R, ARSI EIAS T BN R SRR ok
il

rh T AL EEAR Y A B AR A T b, BRI n] DR AR S WA IR BN R I — )
DTSRRI B i
AEESEGERAZE, HE5R/RENZPEDZEAR | /
(1. BRMAFEFES VO 4%, 1l VO R4t ’iﬁ%%ﬁiﬂﬂf% ‘Fhﬁfﬁid:ﬁ%ﬂ-:f?
JEARAT > 11 HE T AR BERE S e 2R 4810 HR I LAG) 1

T e [BE [RE | ohi
Kl 8-8 P i W & BN F2 Fr = A A2 | R
j&/g\o

: s . . E88 REWHNEFSEH
TR I A R A v B A S P 9 A AR BHZEXER

LBATFERLAS, AT LAV s 10 VO B, 3K

A E RS . BT REEHlas LM a0 WAFERI VO RENIIRIFIEK
FeAb AT XY B A i 2, AOR B HIE b W ar& 2F fras 10 S a2 13 3hik
FHATERAR s WA RE P P b IO A7 A e, 32500 A A7 5 P i 4 Z TR P B0 A
s W 1 e 2 S8 BT SNSRI B T/O: 15 g v 2™ AR KPR AT BAF IR 27 A7
L AR e e R R TR S Sy e S R b Tt ol MU TS 15 SN P et E T R TRV IN AP
W s, TR GR T WA B X VO 5 RBEATACEE; P I AE B A i )
SRR A A7 a8 TIEH TR A, ARG AT 0 S AL 2L

852 WREhFER5HIMERR

TSR A DS PR R, BT T W B A 2 — A
BT Ak BELRE P SR AL B T A PR Xl R A () W A B R P i ) RGBT
Mt BT T OKENRR T I B A REMER G

B IR AT Pl 8t e 9 R it KRR e B C RE P iRfT KR,
FUR B AT WAZACHS, AT 4 i i Fe e R vl ne 2 BN ORI, IR BNy
(K0 A AR WAL RV 2 BB R AE AN DR . BL R LR SRS 7> A r I A By (KA

\dgp
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1. REWEHIEF

BRI e 5 ki s L, e thg < R B A el A7 22 22 1)
Zea, AR A AE LUT JLA

(D w&BFGA S EAL. TEPAT VO R1EFT E s EX AT Haa e, HHE%
M TEVCRIRAE S AR5 R A7 DL TR O]

(2) BN SERME . SRI0 WA E SRR R &bl . eSS
T BRENFE R AR I AR B B R VR 5 3 1 DO s 7 AXORF il s 1) A% %

(3) B MR bR TS8R IR, BIL AT AR ST — LU I R AR .
BARI S RO RARM AT G, 7E4 A MEKADFE P e SCo B, BRI 7 il i
PERT LU S e, A8 Sk 145 A T LU R IRCPR 145

(4) BRI e . 7EFG 2y, IXEhAR R S0 B AT HE 28 1 A Bk 2 RS

2 REPEAIEIRF

B P IRTARBLRE 7 (0 AR X B AL 1 45 SR T 0 S AL BE . de fo] SR 1 b B gk i
PR BEAT I, ANE TP O, LIRS TR T BRI PLA A 35 e it
APy A RARER,  LAROW A g iR adE A T oA i A Ak 24

T AL BRI G FERR T R AL AR AR A, BT B E R LU 2

(1) TP AR P22 56 A [R] — P B 2 LR b il sk, At e AU R e il TAE, &
) 4 3 PR I 5 T T ) 25 2K

(2) P PR AN S AR EREATOCIR, I E A VPP ZE, W ANREDT 1) JT )
FEHAEAS A JXAEE S, FHITALBERE P ANREMUTAT 251 B CH B IE I ERAE, Wi
ASEF WP, WAGE T R AL WA .

8.6 Linux i#&&18

8.6.1 Linux &EEELEAR

Linux %75 B & 200 AU IR A AE U R E e, R T W& IR,
2 PR 3 AT A AS SO —REAT e, 1A 0 RIE B AT FAR AR U R U 5
Wt dl, MR RS RS AOE, MAKE T AR &, MfTseil T & &4h
SLE

Z T CATE SR Ve 24 AR K S £ A2 DA Linux SCPFIIE A S5 M2 700, ik &
FERTIIRAE 2 i . QAR ) & s AU R AR TR, B RS A 1E
AATARAE, BURTLME R VO 50t sifEg—ik, HIR—4 R4 AR, X
PRI BT S A2 A T VO REermvett, [RIRH R4k T W H AR AR VO 4afi

HAEFT A 1 Linux % %A DAE R O R AL . Linux RE0E %S48 3 2, MIFERF
Wa Pl MM . PRI & IR & A n] Ll SO RGud AT Ui, BRA AT
AL O HIR AT, 1T P28 T A& WL AN Ah o o0 2% 18 25 A i ) Ot I A AT &5 R T
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By, IXECEHE L I 2 GRS, BRI E e — A T I RS
VATV IR . Linux 3024 & BLE W FR IS AP IR AR &, A5t U X R e & 1)
BRI

1. Linux & &HIFRIE

& Linux R4, BAWAAR N~ &L, i /dev Hog o s X2 —
PURF RS I SO, AR RIS R A “o” BB ORI “b7, W& S
(PRSI A0 A 3 1% 18 2% 1) 7 ] B PR

P & SO ) A4 PR ORFR € Bees, TR AL ] 321 %5 (major number) HIIX
W45 (minor number) RFRH—NHARIERS . —BeRiF, FR& SRR IET
s IR SR 20 APl PR, 1S S 5 RS KRR e AR
N, TR &S IR R A . Linux R4 EIA 4095 M E &SRS, BT
#2100 JMNREES, X2 LR sl RIS E .

58-1 I Is i % & F %0 T EIHUAE BB 2% SO TR 445 e

$ 1s -1 /dev/1lp0 /dev/tty /dev/sda

crw-rw-——— 1 root I1p 6, 0 May 12 15:13 /dev/1pO

brw-rw———— 1 root disk 8, 0 May 12 15:13 /dev/sda

crw-rw-rw- 1 Troot tty 5, 0 May 12 15:13 /dev/tty

$_

fE LIt A B, 1p0 ZATEIHLI S F 4, RRUE P s, &S 6, K
BB 05ty MRS NI S, RRRFHEE, ERESR S, K
Bt 5L 0; sda ERCALIRAN RIS, FAUEHB A, FBA T 8, KBASE 0

2. Linux {41 & R HHRi2

B T SEbri e b, Linux REUATIE T Lofhiz . Phis (pseudo device) &FR¥%
TR AR S B8, 504 FH AR AR R ORI B & o FH P B 44T G J LA

o g /devmull: THEH, EHT LA AT ER N T

o it /dev/full: HAREGRE] R EET B, IMETPEH RN VO R)Y.

o Zirg/devizero: Hith 0 Fe4, &I E—NMREE RN BT

o [HHLECR 5 /dev/random: it BEALEL, AT LLATIVEREHLACK 7225

XL R B AL TS, FRETHN 1, B 1 FRENRE P B

3. B RIIEIA L

[R50 SO —HF s RSV SO A — AL 115 0 TR SOARIR 179 a5 S
PR 1 AR, Hoh B SO N R S 1S E R, s T EREE S
M—B ARG R 5 —RARRE, W&ERA 1AL B g, FAEHF
AL EATAT S gt o R, 8 SO B R R B2 10 s

£ VFS ARG, BT IFIN & 2 SO . —) files dentry FT inode % %, A[FZ
AEFET, I SO file X4 F) SO ERVESE file operations [ZEMCIT) M AR RS FEAE R
L, MV ORI file XF %401 file operations | RERC 158 ] T & I HRAE R 2. (I J&XFf
(R THAE TS VES A LUK RS SO (45 A i 206 v 2% 193 AE .
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8.6.2 Linux I/O RV {E4544

Linux S¢S PRI T BU L 70 R A S MR A N RS B2
AEERE T U 1 SR FR G 14 1 ORA I B %o BRI, Linux 18 VO R 405 A RGELUZE X
WIS ML STE I, BT — AU S i LRI g e . B 8-9 ik 171X
AMESII 5 -

I R e
L MmEemt |

IS S . E———
g | BESCER%E | [ Siaocsr R |
Y Y N SR
AP R A S T N
| VO L i
i o |
| | e & T RERREEE T Ll
I . ]

| mws R
& 8-9 Linux B3 ff VO REGERIHE M 44

FEd 210 VES SCHFRGEH, B T ARLe S b A7 2 TR U R 40P 1 — 10 (f
FRM SO H S SO RV ERE SO ), B AEE T B 4 R R & (S0 ko i, 78
AN, BRSSO, T LA O AR RE . SO RS RS
WHRITIF . AL S B4 0. B0, 4 echo "Hello!" > /dev/Ip0 B £ 4T ENHL
FTENH — PR . M BB E IR T G230 e 30 R g ] LU
— ORI IR — B B S U T A A PR S ERE, ORI RS IS .

WA R R B AT AL AE N AT TR R AF X, B2 E VFS [0 TUHIZE 47 (page cache), [i]
etk O RS2 P IX 2247 (buffer cache). [§ T HE: VO 14, A& 1005
v 8 4 48 1oL WA e R 2 AT AT Y

1E VFS RS2 T A E A VO A E . Wb 2 VR &K X SO 145 e
SERSZBRA O #:E L, 2B VO ik, VO R RIT6ERARYE DO 1 3k T8 Fi R it X
WRN VO k. X FAFZEMEB SR, KB VO 05 UANFE,  GF N w77 b
A] o VO $AE J7 0 R LU M

(1) 74 V0 sl PRI &E SR 78 V0 J7aCH T i) . s s LAy
I <Y 1R o T o (VA 1 e o o s 1 A R O P 3 e ol L © B = W 1
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Hlo VFS $§ 01 A B SRR B S SR LM 0 A5 i 1 10 1K, FF i ]
UXENFL)T (1454 bR BG5S BT SR (1 /O #84E

(2) B 10 Jrs. - SCPFmBL i g SO AR AT 170 T sCEAT VT 1) A i)
SCAFIS, VS Gl WG AT 2 5L b F U7 ] A7l B, B VO K, SRS R R AT
BHVO T RYE. YL VO FRE M Tt abHH VO K, SEI P& 1 . TG
FRRNHE, BRUVO T TR T 224t O TIRE . Vo HEZEM
B IKEN 2

i SRS, EAREGE TR VO 55, (A il — B U ] B 4 SO A2
AR . — OO S bR P R G BN . ARV ) — ORI, VES 4
RLREER SO R GEEAT T, 73 B EE [ SO RO oM B R B A A B, SRR A 10
ORI XS BB AN, e BB H 5 TR IR, B i SC
ERGE (bdev) BEATHEFL. TrlB# SCAFRUR BRSBTS . by, AR
KN bdev ZRGEERIA RIS J7 50, MR Z2 07 ) (O B EL v 5 R R A il b, R TRy Bk
VO TARGK VO iR . 20X B & (0 Ui ] AR i — s o, Ja— Ry U
REFRIOS DL A SAE R o Bl eSO R GE I 75 22 H e 1 23 DX rh i U G e e 4
o AT LR XA ARG M ERAE, MR AR RSE (fsck ard) B HIRHLER
(dd fiv %) A%, WHBZE RS SO AR G I (R e 2 S A

KT RS R IR B AN A 8.6.4 AT /44, ST Bl & SUAF IO HiA LL Je B
VO 77 S SE L BANRETE 8.6.5 TP fr 4.

8.6.3 Linux IREEIENLH

1. RERMMER 5 HEESR

Linux 2.6 N GIN T 2B &K (driver modeD) . KA B4, ¥
A S SR R P S A B BB S5 i 4 e MHEZR R S —E, RMIR— N — 1. JZIR1LES
s K. o TR P R AR I N R TP IR AR, WK X MR N
SB[ —AFRN sysfs AR XHE RS, IR sys Ha Fo /sys R H it
HET B B PRI, (I P ERE DT A . i, /sys/devices/ & T AT v A M %R
SERIMRLE, fsys/devi T BRI & SIS TRE, /sys/bus/ &34 2 2 A 21 ik &
NIRENFE AR, [sys/class/ & 4% T RE /I 112 55 v 2% LE

WA BAGZ R T I ro S st A, 2 C i E S ERE o S gm R ) g
PR R Bk KNS I HR A L AE W A2 % kobject IUFEAN |-, 22id 33k, 732K
AR I B HAT E IR A S5 R R B SEA] o FH O 7 A 37 RS 28 T It 5 35 4% 1) SE PR AT
I, ] LLs MG Sl s e e, RBRRE SRR REGR. 7
B R T R B A it AT B B SR &, IR 8 1 0 & () S B
IR T — M B BT 52, AR AT K HESL T — A RAFHY
ML AIAE RS

FEV & X B [ il |, Linux R0 0 H T8 IR & & 1L EY udev. udev I21T7E
Hrad, HTEH/dev Hae FIOBECHF. © M/sys HaH kIR S b AT W& 110156 B

N1 9}
S
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MAFAEIRAS, SR EMISIE MR &St SESMNESEHEEARMIL, sh&E
P& MR S ), T ELAT DA S A b S RF e 2 10 AR« udev B R T ILI 5 — PSR
R FOVEE A& ST IO TS, A9 G o] 24 ¥ &6 SO 44 AT B AN PR 55 . R i
AR, udev SUEHL— RV LA (fe/etc/udev/rules.d/ H 3 ), k3|52 JLAL
(RPN, AR A0 T PR R >R O R C B SO o IR ANRE R P A ety ok 7 5l
il dar, P AT RLE SC AN, FEANEDCEL IR & SO A B AN RE AR A 5
WiZial 4 cdrom.

2. WEREMSIEE

H A T AR A L IR L . Linux R 4810 TG I shRE 48 12 WA K — 3573
oy RECR & IR SFE R Cnll AR RS #ei A R NAZ, FE RS s Bl
Be— Ak . S Ah—Se g B R WA R AT Y R A e i S sh A in 28 2 % L.

TEIRBNAE e N, ¥ AT VI I W AR . AT T KRR P i & A4
R WAL T . S KB R R W &S, HE M ERE R 20, 0d—M
RESH, G S FIRENRE I S BN, AREiA SIS Mah A . s, MR
A LA F & SRR R AW B, R Z & SRS 1R B .

FEIRANFEEREDZAT, ' AL H o AT MR RIS . R&EEE, #
F T R B S ORI, e IR R S B AR RS, 18 MIEAS
HATH

3 ®ET AR SR

RN, WEZSKIH T IED RS ERRS, el BE NS,
S Py A A5 (MR BN FE b2 A N ZR L, R IR A b AR IR B AR 7
i B ®l/sys Hag o Bfi)E udev fish, &4 4ii/sys/class H gk, X A R8N & 24T
MhEE, BN e/ dev Ha PRI B 1T 0. BRI RS FE AL udev 5 M/sys
PIOZ B S AR FE P 15 B e AR B T RBP4, udev BLEEH A A AR
RS SO RV A T FR R SR AN A B BR AN 1Y, udev R RS et (145 B A R BB
IRENAE e, I IX AN, R JE O LA AR SR e IR e e A i nT LA T .

X1 R S G PR HAE S, udev WLAE A FEARFE o 4 ARG T B A W &4l
I, e PR Z R S Bl sk AR IR SR, SRR IX — S8 K udeve udev 1
Hi/sys IR AR S AR & s B, SRE AR &S0k &,
udev R ERENIX — S0 0 B AR AE 25 1) 9K 30 - B 12 8 S 1

4. WERRE

WA S H R BT T A e BT I S S5 R o T TP A SO AN T T30 S —FF
AL I open()RLE T FHRSE I o FTTF & SO 404G 3 A2 LI —JE7E
SAFRGE L, B R XN T VES A SORREN SRR Ly —R7E & IKs)
FE b, EEX RN AT I, ISP AL IRQ. DMA. ZEph X e — A&
SR L, BRI AS,  WE A RA () h IKFT DMAL.

WA TG T LIRS 1o His Sl so e —FF, 35 W& SO A read().
write()s 1octl()&¢ RGP, SCIFRGE D DTKE XS SO )35V s B0 v & R AE L.
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WA se R E VAT close() RS A R % 30 close()5 open() [T 1E HIAH
B, AR ORI A IR, MERR A SC SRR GG, S O RS

8.6.4 FHEENEESIKS.

FREW A M REAR S LU T L, BRA PR 4 S USRI U ], ANFE SR AL 2.
AL, TRRREERGE RS, XEREIEERA IR &, AT E R RIS ph N .

1. FROZ&RYEIR

TER S WA BA T, BN T AR J N N —A edev X%, B R &K
FEITRANR Ro FAT BRI ENAE AR 0 WAZITE TN, BRI Bk s, RE
AR —A cdev, W EEIMEIR LIRS, FRFER A& IOHEIA L5 W 8-10 Ak,

cdev file_operations 7/ 15 # 4l R 4
dev J— open 1 open()
ops release $—— release()
list read $——— read()
write = write()
ioctl +——— ioctl()
inodefl %

B 8-10 FHg&FIALH

cdev POLE T AR IITAEMG R, FERTRKE S dev. #IELEIRE ops
e % HER TG EN liste dev &t cdev [IFRIH, HEWALTE 5t & KB AL R R I H o ops A&
R & EREERNTREE, Hrh S T KSR PP (LI & AN R AE R EL . List F7 % cdev
Fr R V2 SCAFIY inode. — NIRBNFEIT AT LLAli A7 24N 1 4%, IXEE 1% AR inode 4
WEEERG ANBEK, FETE cdev 11 List 75T L

PR A AEEN RS VFS U 1E4E file operations, JLH X T 25 IR shFE
JET it P — A e S R E R L, B HEHT 4 open()s 121X % read(). 5K write().
PRI toctl()s K% release()5F . XAMRIMEL RS VFS SR &L, AR
% [F) IR N R 3> S 4 X AN B ST Y (R P eR B, TE DK Bh A M 22 AE 3] edev (1) ops
BRAELE o XA R AT B AT T L 4 E 1 file XP %, it VFS A . JFERED K3
Pl AR AL T AT I3 AE BR B o 0 AN FH ) R B SRR SR IR I 9k ¥ B NULL.
Bltn, N5 read VAT B 24 1) write(V#AY A2 75 B 4R £ NULL.

2. FHILEITH

F P R0 ¥ & SO R A A e 4, A AT open() R 48U 41 e 4 301
SRRV AR R R4 . B SC I VES ST REEE AT T #6E . XA 5417
— RO AE R, BRI —ANrT 1 fd, &R 2 ORI dentry. inode. file X%,
IS AT EFEARIE R . A2 inode AT BTN % . inode X 2 AR 4% 19 b i 2
HALE), EHE T ERARAIE R KW Ldev ARES, KHE cdev &S
dev FEATUCHCED o] #f 22 1Z SCAFFTXE N ) edeve 3 —ANAN[A] A2 55 1% 411 inode.i fop fiT
FEIC I SO BRAE AR R P AT W& I BRSO R AELE def chr_fops, XMRIMESETIE X T
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open() fll llseek() P /> 8 4E, JL (1) open() $& In) 11 J2& 7 1 B¢ & % 1 119 ¥ JT e& %%
chrdev_open(). Bf)=, inode.i fop #¢ke5 I file.f op, {EILtR4E(] I def chr fops.

FPb, WAEIHEA VES 0 R T AT, BT R file.f op->open(), HUT
BE— DT TTHRAE . X2 kUi, BT s chrdev open(), ‘&1 TAER LA
MEFE R 15t inodei rdev 7R A& SRS B fr A H X6 W 1) edev %15, @13 cdev A7
e, MR H IR iz, WL cdev, FHFHUTIRSN IR IRIE. 93] cdev
W F K L EH 2 inode.i cdev $8EF I, )51l inode.d devices #% [ CUFEA cdev [1)
list 527, /1] cdev.ops Bt file.f op, flIL3R M BKANFLF H C214L[1) file operations.
BRI, A AR R DR E S, WAL E 8-11 Fras.

file dentry inode cdev
f op -

file_operations “7*fF 15 % Al R EL

‘ . ) open  $——= open()
f path.dentry d_inodg ;Mf:((ii?v - e release = releaseq)
- 1 - 'd()
o wd
i devices ﬂ llist D S :;;]tlle(())
inode#¥ % def chr_fops
open ¢+—— chrdev_open()

E 8-11 =ZfFi%Fh VFS MW S ifikihiy

heJii, chrdev open()ifH file.f op->open(), W5 /& ¥ & KA FEFHE ALK open() A %1,
SERRHA RS E I ERRIR R E. B, W CHER S .

3. FHIREIES 514

PAT AT ITHRAES , Y& SO file A& OV HUERGER FAfFR a7 £d, S
BEFEREAT LA H read(). write()EK ioctl()35 RGP SR UT M4 1. 7EHAT RS I,
VFS FHES SCHEIRFE AT filef_op HAT N R AE R L. AR, e St
[y file.f_op R SCAFHRAE MR 21 74T VO IIEAERE o 74T VO #AE—AL HEAT
M E S WA A MR K. &, KSR P IS W &I B e A RS ), PR A
W AZ B EL copy_to_user(VFF EUARAL R BT 2o X vy S I, KSR R SE U F A% ok
%1 copy _from user(), 4 H /7 G X H (P Bk A& S B A A3 8], AR e IR Eh 1% 58 s 11
TR

4. FRZERIKA

KA AN LR 5K RO ARl R filef count; 1 f
file.f count Jy O Wi H] file.f op->release(), SKEFmHuIC A%, BERURBNFEIT T b 1 %%
USAT file X% o BRI A& SCAFY fd.

8.6.5 HEFMNEESIKFN

SR gl RiE N E SR AREERG S . RO NEE . i
5 PR WAL A AN o BRI BB A 00 A B, i T AT
RAID. 73X\ 355404, WIS A TG/ RER R . R & 57k
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e AARE . AP SRR ), SR —A AR e P &2 bEn LT )
(fy, Vg ial (02 & AT LABEALAE AL, DA 2 5 S 20 bR . = Rk 5 & 11
YERANT . AR RSO R RPERIAEAR B, &) VO U T RY SRR h
. Kk, B VO e 20 SO e Pl e A7 . VO SRR, XA REE
WA KB ATRESE R, M2 H el — “hV0” T RE KT

1. BRIg& R

MR SR Y0 FE R AT, PR 8 A & R X SE B AR AR (R i %, Tt
A5 . IRENFR PR W KA BEid s . FHERLS BIX . X PRI 7 H B
(MBS PO B & . AR, DREPCR S TR R H R SR G . WU RS
A EERE, B &2l DA 2 s, el — Mg, —A4
X e — AN XS RGBSR RO R & . U RGN R &
[ B AVE TS R B 2 1 VO RETHAL 9 3R BE & 1K) VO #R1E .

PR ARV B ERE ORI, — LR B A T UG Y. 2 A8 Bk
%o B, —AEE LRI T AN X, XA Z RN T 3 AN
BT AR A 2 NP DR, BTG 5 120 il A /devisda, /dev/sdal Fil/dev/sda2
(A REEFL WA 2N W 1142 99, B—4m, —/MEERE&En] PN £
AP, Bl VM (185G v ARG 2 MG (A 0 LVM IR/ 48 0 11.4.3
e HFAFEXFP R ZRIA NV IC R, PR &5 Bl R 40 5 22 01 D1 SE B AR i % B B
WA L

2. BRIRFRIHEIE

FRFBEE LT —A cdev HIIARI AT, (HHR & WA NI P 2y, BREEfiid 2 i &
A A4, BEMRETIZF S X R ERAWRE R, NN T E R
% H block _device g5k, FEAEM T W RLH % % F gendisk Z5Hiid . 452
] AR EERRIEE M RERCR, RAERUEI T 2P0k & 5P & 2 A [ .

block_device €5 H 5 T XIS L & 0T d5 Z I TA S B, Wik &5 bd dev.
He /s bd_block size, SCHEIIAEL 24 (1454 bd_disk. JCHKI) B4 SCAFIT inode #EFE
[FFREL bd_list %5, gendisk Z5HT S THAEZY RS IIHENATGEL, Wik
%5 major. K145 JCF minors. 77X 3 part. B ERAELEFEE fops. 1K BAFIFEEN
queue 5. B S EEAL2E AL E block device operations, A g ST E ) EL
() —ZHbRAEREAE, ndTIT 5% open(). XML release(). il % ioctl()5F. XELHRA/E
PR R R PR BK B AR R (it SCST 3K 3))) $ it . S 248 15 block_device 1T4ZIE,
{EL4) block device 1) 17 [n] e 24 BEAK 4 gendisk 1915 ) . HARVIHGASE Rt 8-12 BT

block_device gendisk block_device_operations

bd_dev major open  +—=— .
bd_disk 1 fops 1 release ¢—= f}{w& %
bd_block_size queue ¢—= JHRBAF | foctl  ¢—= A e
bd list ¢+—= inodefE#H |part ¢ HREFE .

[l 8-12 HRigFZRIIMIALEH

B



Linux JRIERGEEN, RIPSMA (56 2 k)

HPBLA K ANRE T 1) AR, EX B R g 5, RE @&
gendisk, FFILIIA R & RENAE A A, Bl S ER MBS X R, @S5 2 AN
block device XI5, J15 gendisk I K .

3 REERNEERS

Yok B B R AR e T VO $RAE RS B9 47, PRI RRE 2205 (R Bk
B ZA A [ RS Tl  k RS  Linux [ SRS RSO IR 7 AORE BB A, SRR AT
LRKFEATIZN N VES 21, fifH VES 1822 A7 FBLER B S IR0 B & (1) BERTERAE 1.
AU, WAL T — A% S R 4 bdeve bdev & —NMRFIRISCF RS, BT
() 30”7 . bdev HAEWNEAFRAER], HIATTW, BbgRh “0h” K
R4

PASZ A 75 AORAS BEBE 25 19 22 12 W% E 57 inode, M1 inode H iyt hl=F A0 %
VES 25473z 1. R, bdev )RR L5 4% block device #BHC AT —™ inode, ff] bdev inode
SEREIREAE R, WnlEl 8-13 .

. bdevinode | radix = wmes
inode &l
i rdev addrcss_spacc_opcrations  def blk_aops
C 1._mapping page tree rcadpagc  ¢—— blkdev readpage()
. T writepage ¢——= blkdev_writepage()
i_data a_0ps j write_begin ¢——= blkdev_write_begin()
i_fop write_end ¢—— blkdev_write_cnd()
file_operations defl blk_fops
block_device
open +— blkdev_open()

release  $——= hlkdev_close()
read_iter $— blkdev_read_iter()
write_iter ¢—— blkdev_write iter()
llseek +— block_llseek()

& 8-13 HRiZHFHAY inode L5#4

Bz 25 11) inode 5 — LAY inode Z5A4AH[R], SRS —Se B & LA FE, W
TR T 1 rdev 25, AFENZE, B4 inode MR VESE [ 301 BAE i 20 S — R
AN, B kA (R E AR R IR 2 et 2 BRIATY) def blk_aops ##4E4E, &4
VESE RO I S B B 2 BRIANIT) def blk fops #fEfE. IXLEEpR BAR LBt 2T HI 1, it
EATED AT SEELH B 45 1) VO FIZEAF#8A4F -

4. BUgEHE R SME A

VARG VO REH T BT A el 2247 X R k. SO R 4e il ol
AT (page cache) SKEZA7F AL S N A, B2 00 B VO REAE H 2201 1X 9247 (buffer
cache) SRLEATHIAE VO A, AT B, 6 — SR 19 5 E VRS A F TUI 22 4711,
(AR A B Ol B 7 B S R 5T B e S i, O T e, ORI
51 o T MRS N W AT IR B 2 28 A7 21— AN ph X vp, IXSEHIPEAF I VO L
P2 XA R P X R AT
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HIR N AZAG P X A7 TR T T GAT,  TTHE R A T P IX R — > B o
REATEAF o B BRER/N N 1KB, S RN A 4KB, W27 bl al 7 4h 4 22
MH . XA ARG ph X IR 22 ol X 50 (buffer page). &N 4
buffer_head Z5 i, Hridsk T8 e 01 LA Rz e S i 5 Bz o) i o 56 R o X
B, PRSI VO REUk T LR —AMEFEX T .

Pev g i I 22 P DX LLGE b X DT PR TE AR e il =3 Al R | MR BN
SR 1 — I Bl 244 B S R A SR S 55315 2%
TCER T, R e B A SRR RS 2 b 6] SR ) o B LR A AR
HEEH, S0 LU readpage() bR H0 L S brdh 3 B & 1o P A Mkl A 1) 1)
readpage() 1T 12 blkdev_readpage()pR &L, B ITAIXS T SO IF U A7 B 1 He 5 WS 2 A0S
FREDL O X TTEA B S, ARG AR VO AR SK, $2045 R VO 1 REGuiEFEAb L,
XSO R, YT MU SO 1 R R GRS . (X PRk
W 5 AR [R], BRI 2 .

8.6.6 IUHFAIER I/O #1E

WRTHTR, ARG T bR BRI, #iexilT] readpage()sk writepage()
TR, REIRSERRN VO FEfE. HORE VO HfEddk VO FREMTIEMK. W
K 8-9 iR, VO TREUEETHE. VO W JZ R % (1K) FE 2 R

1. BRARE

EH VO T 241 h L ERLTAER)E (generic block layer), & [I1EH &0 3 R4
A=A XTFHRREN SR IE . A )2 5748 1w &S 2 Bk %
block device, IULEheil T & 2 M ZER, I VES $efit 7 —ANil I e %
B, U RAFHFER TR AN, T8 2 MR VO 1 SKEAT fiid R
3, PR TR TR,

ARG VO BRAFE R ZEAREHIR &M . fEMIE VO #AFERIN, ek
U ) (SO X ) 5 A R B3 S G S B S o PSR AR AN B AP, AU,
Kb AT e R AELEM . AR, — K DMA {5i% H AT LR s K, FT LATERE
TEES PG, B I PIAT &, TR TR X B, fFEFREEA
Ji DX F BRI — AN VO 1Rk XA ek 11 FH I8 B2 1 R T R

MR I E, PRI R ZR b, AN SO S T SR B e e e B & T A B
VO” ik, A “B10” i5RH—4 bio G5HFHA . bio il L2 (k% CoEd 4544
T T HAT IR & DMA #AETHERITEE R, WidyShE. Hiskik4&. V0
AR AT DX I8 R e X B ) L /O AR5 IR Y A7 X B8 (— AN ML A X B .

W AR SR VO BT EAE AP, E LS e, et S
25 6] R 5 b 1k WSS A DT 2 A7 (0 Dl o 3 — B A ok s bl 4% 18] (R A S B IY, J8T
GATIZIINE . AR AL P WU, S S A A ) b A A S, R Bk
B, X R SR SO R G W AU SE R, 8 TR AT BE
JERTHCS AT RAE R b B, AR bio, XAEHHELZEMIhRE. K 8-14 /R 1 3CHHAE

N2 5}



D/ Liox IRIERGULG, RIS (352 i)

~—

K 2 bio AL 77 5.

F P32 ] SAT A% ) Heik a8 1 0 2 )
0Tt e ©) } bio-1
31 L —— - @® M~ -
count © = H-““mh
% I 8 }b'z
_____ e ““-—-_‘ Ban 10-
1m T @
27

& 8-14 /0 iEKMHATER

XA R, SR 3 00, BN IR 4 DEMNIXKH. TO WK1
AR R R SR SR, S EUE SRS AL E pos F1E T EL count; Z8 1
Mkl 7% W] address_space [ WICF, 75 31 V2B SO B0 5 I (1) 92 A7 245 1] £ DL T 5 A0 00 N A7 4%
WERGAT AT ey, TR 9247 DT A7 oK 2205 1) a8 4R B (el i ARid h O@0@
FIEL); Sad bSO REGEMIMLE AL (B dn Ext SCHFRS 1 WP R G13R), #3152
PO N TP g EI R d )R, BB AR AT X T A E, SUBR T R
L/O #1EM bio, Hth, bio-1 T4 HIILD), bio-2 HTEEHILOE®. HTO®
C@MFTTEM N AFAEL:, FIE bio-2 MRS THANNARXE, 23 OME@FTER
AT X

PERGH) bio AL T VO #AEII R EIT AR, ey Vo MEZEE, VO i
J5K 471 53 58 BHE I VO #5:4E

2. VO EER

WA TRV RN R R R . R E R LR AN R v A,
Skt SRR 5, AR VO AR T . Ik, A TR LFhtEtE, VO RGEREA ST
U BE R I P RRAC S AL e 4%, WA TTRNRAS . IR, EaTEie e MAT
EIFSHFPITURIE, X VO BAEFFSIRH T4, LU FEARRE AL F-1b st R], $em il VO
PEfig. XA TAEZH VO HiE)Z (VO scheduler layer) R 58A%IT

VO TRJEZ k%002 VO ISR 7, B DIR853l Hl RZ 3R ASH B VO 5 3K bio,
F 4k 25 bio 11 H bRk 2 A1 s DX HLHEXT bio iE47 7024 6, TE BB X AR B & (14 B TS
K SRIE LA IR K 45 & KB AT R AE . SEBl VO AR DhRERI & it WE
TR BAFIAARAT G 2, STt U 5 B o i oK, e R R FE I TR IR A 1 2K

1) Pk 1higKEA S

L0 )5 2 TR B R BB % gendisk, FRM & AV H CIIEKIAF .
TCFT PR R e 25 B, RGN LT i KA1, AT gendisk X % 1) queue F5%5 .

/O 153K 1] request %) Gediiid, o 7 —4 1] bio, AT KR & 15 RARES |
ARG DS A2 S e WRBAZIE — R e, TR R RS 25 s S — X s
#I VO 5K 15K PAFIH request queue X ZR A, 2N A& LIEEN queue head.
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VO 518 %N elevator LUK VO 13K AL # p8 20 F8 £l request fn. /O 1 &5
elevator queue X RHEIAR, = HA0 T 1 S BVL A DL KAZ R B SV IE S R A )
B A BUHIE RS . VO 1R AR B R B B & IR R e T3 L 1 F T AR B 1O 1
SRIGEAE R, RN TGRS, P 8-15 2T KB I &5 FHinid

request request

gendisk request_queue

queue_head |
queve elevator elevator_queue

request_fin h
- 1 s
S bR

Bl 8-15 BUZFRIIEK A TR

VO PR P 55T ) BAF P NG SR B EZHRAC bio 1, DO YR - 2204
JLEAL 0P BE & (T R o IXMER T REREA IR FIH O g kb, AT REA T
EORAAABIE A F L. IAEAGBIE. BAMAIT elevator WL, 1 KEAF]
SIAETE Y IR IR R A e &, I IR B P 16 S R BCHE A BA S A PR B R i s, 4761
WA B PATHB B . B AFI g R b re AL U HE 0 i, ks & R
T PN A T 4R E B AT IA B A 0%

2) VO L

B VO PSR Linus BBRSTVL, RIS 2RI EEM TAE 730, Kwdkiz
NIE  m) BRI A AR R A2 — BT AR E K Z A B, AR i 5t
RrArpnig KT ol LA I RIS b o fu B0 KT il (6 e X 55 A P A IR 3N SRk
A (07 b DX AH AT, PR EAT A R — AR RS I, S 4k O @ s A SR i
RN o AN B R 0 S50, BRCRARE B IR i SR U il (14 i DX (R I
PINFHED, PO RES M 8 ZSETIE PGSR RE S T2 “OUER” IS, tpl e
RIS R L. BTEL, HETSERS R A 1 VO U B RAAR S TE ol B4 ) 38 al bk
AT HE A S0 5 A o

Linux WAZSEIL T 4 F /O AR, T LA IRSNFE P IE B4t A

(1) B2 FRYL (Deadline). Deadline il /5 ¥ & %F HBA STk (K ootk . I BEFE e Ty
ANERVE T — AN I, @B E SRS 240 #E . Deadline 7280 503 T YLK
W%, (HHEE T R4 4 E. Deadline i H T4 (1) /N SOV 7] (1 38, gl
FEZE 4,

(2) Pk (Anticipatory). Anticipatory i % {L7E Deadline [FJEAN 185 i 1 foui i
KRAED), KT IS SR SIS R A SRR, AR T VO maRifa], (Al A
PRI RS A B . Anticipatory I B8 5 N RAER N FIIAEL, a0 SC AR
495, Web fIR %% #5845 .

(3) N TFHEBNE (Completely Fair Queuing, CFQ). CFQ i [k 1Rr i At it
FEREKN P AALEE T/O 352K, RMER VO MR A Akt RS, HERE i
AU BAFY, ALERVE R . XA SAE TG CFQ RERETEERR M5 3 I VO U5 IRl 1)




D/ Lo RIERGUG, RIS (352 i)

~—

R, EERBEFER UL BN SR, PRI 2 EAARN T . R R, 2
RYEARE E . CFQ A& HATHT RN BN K VO R .

(4) FHEAE (Noop). Noop VEVESERR FR&EEAME . &R MEIF, M,
WA RIS . T AR REAR b SRR AL U (R e v g, A N
RAM #5125, VO ERA 4 X, F Noop Hi&id. Bk, Noop &k AL RGN hxlf

3) VO iRk A 54k 8l

VO 15 RIENTE RS JG H AL R AL EE, RS A S YR . (BRI AF)
FHEAR AR I v R AT AR, I [R) FBR TE IS AT A R s B DL R B e R —
FEo iR T @ 8 H RN, BER T @RI EE, VO R
fid Az e 2% SR Bh R 0 T SR AT AL R . B SRSV M AR request fn (1) SRS bR UK B A Ab B
ISR SR, BRI Rk, EAF—AMERES, % s 2R request 111
{5 BAREE R RG2S, H3) DMA, &8 N & L8924, NG4S
N

ATLVEH, EHREa5EE AR & AERRIAR. s 7/ an, S
HESE VO —MBRFEAG AL T M EHRE &N, SEPrriEff VO nTRek 4, hnlfhg
AR AR R A

3. XHFH VO RME

7E VES 1, — M SCAFRERE % SCAF ) VO B #S A2 th VO T RETER .

1) — ORI VO #RAE

2 VFS S35 10 O N AT 00847 I, 502 AT ik =3 ] 45 4 B2 b 1)
readpage(). writepage()RR %L . LA readpage() R ECM 1, &4 WL I SEBR SR R G0 1 W[
PR Lo X Extd [FEE SO R, IXA BRI extd readpage(). 1% FRECKE 57 RS
BEZ 1) I 2% Mkl 2 [a] (R WIS, 85 R P 0 F SR (1 R 2002 A bio, T3 bio 545 VO
2. VO JEJER bio HEATALEE, JERL VO WK, IAEKAS. Hfa, WEEhFEF ik
SKBAFH L sk, MR i K 0 sh B4 (1) DMA $5:4, #5465 & 10 SCPE B N T2 47

2) Pekess UG VO $R4E

B 5 SUA L I R H A5 BT I 2% SO BT SO R A “p”, IlEAL T
[dev H3X R, {7 ACKXF k24, i/devisda, /dev/sdal %5, K, BRI SRS
A SO, PTG — RSP AR I SRR A 44 K U il

BA YR &SR — N ME—10 1 A, R RN —OUR R &S 1 dev, EH
e 50 N H % block device AIVGHC. 4%f BR¥E & SCAFBATHT TTHRAEIS, VES gk
W7t dentry. inode Al file X%, FARM &S 1 rdev AR T HTANIK bdev HHIFI B
&, SRS HESTE S inode 5 bdev 1] % inode 2 [ IFEERE . EREE ST T, RHHE &
SRR E R B P AZ T 19 B bdev A BRI 2 (454

Y ) Hek & SCPE 5 U5 o] —FSOCAF I AR IRTE S AT file % R0 SCAF#ESE o —
RS file f op FERCIH R RERE A R A3 /ESE, W extd file operations, 1jHL# %%
SCARR filef op LAERCITR L& T FH SO AESE def blk fops. B, iS5k &
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SCARET, SEPRAT IR B ik %7 )15 BR 21 blkdev_read_iter()Fll blkdev_write_iter()%5 .
W AR AL GO AR AT IR . AN, B SOfFRAT B QAR m], e
ST V) bdev TRV A& RT3 F] o BRI, R SCPF IR 5 4 B & % TR R 3 S 7
BB ) BT g b A () (AR sl AT 6 B L I DL S AR T .

LB EAIRIRATEG ), ST 2 AR N R RIS B &I, ST 3 bR i)
1O $4E o X FHL e & SO 150, eI T 17 68 2 blkdev readpage()~ blkdev writepage()
T IR pR R I P B AEAE P WLy O 05 ] (KB AR H S U A PR e, AR
bio, $2AZ4 VO HIL)Z . JRLEMI AR — O VO #RAF—FE T .

b 1 file SCPFERAVESRBAL I L S HRAESE AN, A INIE AT B 7 S — Lo 81 0 P Bk & (1)
el ERAE . W IXRERAE, AR SR LWL B4 PEE R & I B & R VE 4 block_device
operations [ C(UWL[¥] 8-12). B & #AEE L B FE PPt i) — Al #fEea 2, il
gendisk fops a5 i, open()F1 release()H + HATHEL L 28 0] Ui A A OG A1 5
YE, docltQM AT ER X V) B G P HIRAE . B0, 3R] loctl) RS0 A ] & il
FEORE I EL . RLIE B i DX B S0, W AZ 28 JELS 20560 N[ gendisk.fops->
ioctl() R £ .

8.6.7 Linux EYH¥TAMIE

M WA S A B AL SR e EE R B i g SRk . R, B Ak SRR TR
[[55JLAN R . BEAS IR b B () LA S BRI e b R AL W] s . $op, A
W7 Ah B AR A, T A SR i SRR [l D R R 2 TSR . AT LL x86/x64
T 4346 g 5], A28 PC WL Linux Z8 45 1 0 W Ak B K o s B

1. x86/x64 B2 A4 S HTH#

1) Flfi 5 IDT

x86/x64 CPU It L ff 256 Flid i, F5F e Wy Alek N —AS P15, Bk o i ) &
(interruptvector). H:H1, 0-31 A58 FEAEGE dcH W, 32~47 A n] hiich b, 48~255 A%
FEH T

RGP A — NP RHR R R (DT, HA7 256 ANKIL, XA 256 e & .
FEAS IDT FET P AL 1S 7 1% b W7 1) 52 00 2 f o B A BRI N I i, PRI T %2
FA “117 (gate). CPU 7EM Y BT I3l AL 28 BRI 2 “ 7] JE A h W Ab 22 A2 P rp ) . IDT
S i IR AFTE CPU [t idtr B FE#sT . 5 Windows R4 A6, Linux 24 H A
IDT, ArLLEMEAT £/ CPU, 44~ CPU [ idtr A7 {7 #s &l Fg 14 [6]—/~ IDT.

2) bl

T ES (PIC) FOAE PR W5 S BT AR . B8, BRI, T ol BE e
AR ARz L PIC $242. PIC AT 4RAzlf, tHa i nT LU il 15 oo 38 25 A 2 IRk
W IRQ 55 TR Wy ) S 2 (] RSN G R L B SEA . 2 P ity v B £ 45 o

HU x86 R HI 1) PIC J& 8259A PIC, I\ 4 1fi J+4% % APIC (Advanced PIC).
APIC &l 1% CPU 4244, AILLZEZAS CPU Z (A4 kWi, Scil e 78 . APIC
e AR IBE AL 4, hACHE APIC (FR ) LAPIC) F4:J APIC (Fxk /O APIC)

D



B/ Lo IR RGUG, REPSKM (352 i)

~—

M. B4~ CPU4ERL T —> LAPIC, il S4kiEH:3] VO APIC . /O APIC i % HAd
B, AT 24 4% IRQ k. VO APIC 1 o B AN T, 198 i 7 4 & CPU
() LAPIC. LAPIC FR¥shlifs 545645 CPU. 7eh s S it i it 72 b i K 23 A B
TP I EE AT ZL S, (H\BEAE, APIC st — M T % CPU 44411940 i L PIC.

3) H i AL

CPU A FRANEH gk, BVAEBFR Mgk (NMI 2 RIn] B P Wigk (INTR &),
JEbti b WTEE NMI 2k FieAk ey CPU, JoZitid K HEema N mT b i i 0 75 2230
Il APIC, £ INTR ZiA%i#i4y CPU. CPU ;&MY INTR £ bt Wi SKEL T eflags
4723 1Y IF (Interrupt-enable Flag) {7, BRI R iffr. 24 IF £724 0 B4 11 CPU
M INTR £k b [ id Rk, IF 724 1 IS F CPU MRy o G o B 1) & 2 6 T 5 e o
Wik 1 APIC #9747, Ak, 4 CPU EARFE NMI [ 5 i - 7 e A i S ATA] o b, it i)
A HE B ikl T BT B CPU BliAE

4) P WTIE SRR

APIC 41 B (MRS R ML 4 IRQ HHIBTZe, kil 31 - 7 £ 5 AT DA 4 A
KA iz IRQ H T2k A 7l A% 1, 2 ) 20 st b 05 5, 75 IS0k TRQ 55 480 Bl W 11 2
] CPU Ak risi R A5 4, SAE AWk d: CPU & iifa 2 AT ¢ 5 i INTR 2k
REETEERG S, WA S BPWeRE I (IF 4224 1) W APIC %N
%, SRJEIRECh R, AT, APIC 798 CPU NS, 15k INTR £k L
Wiig k1545, 4REEIA IRQ ikiZk.

5O H b Y R

CPU 7E M 3. HH W7 7 AT R ik sl A -

(1) #E P 1, W dtr FAFA54RE] IDT, SRS 1 0.

(2) Rz IC S PFFAUS B, HIWE 2 N SEEART, 2SR
s AR . IR RTEAES RS (TSS) Tk F S ar B2 1 W Ak Huhk,
2LV ss Bl esp AF A7 35 o WAZBRLAT )T, 5T 1 RR IR ss T esp (8 DR 31 N B Ak b

(3) PRAZFTUEFE T A5 B, A eflags. cs Fl eip 2 A7 2% H CRAF 2N
Bt

(4) MR SR W AR PRRE PR (0O 1 ik, 02 21 25 4788 cs F eip HH, 45 eflags
AT IF ShRENE % X, 7EF ML CPU & Bk 21 db HEFR 5
N Ak, kA 14 A) A A BTt 3 5K 1A

6) KR AR

AT TR [P FE 4 2 dret. CPU ZEPRAT W3R [ I 10 5 1 sl 2 Pk S50k o4, BT o
Wir e 13 B CR A7 LEAR P ) 25 AF 2 (E VK K2 eflags. cs Al eip 27 7 oo WAL &R B3 H P 24, )
TS ss Al esp A A7an, VENEARDIBIH P k. ret 84 5ERUE, T MRA R
CPU # MIBT s Abgk 2L 40 AT R AEm . W) CPU AL+ IeIRA:, ALk A7 1
eflags {H) IF £k 1, PREW ARG IF (EWMHA 1. Bk, Bz 7,
£ TR ] 1 []EeE e R E Bh IR .
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2. Linux B9 BT RS

7E Linux R4, Fi3 VO P IRR I Wb BERE AL — AN do IRQO)I R 5L,
1 AT A 10 T W &b AR 2 R A v TR 549172 (Interrupt Service Routine, ISR). &A™
A F o T ) 4 A B AT — AN XTI ISR 4 B TS 1 2E e do IRQOMHL, 15
TS IRQ AHX MY (1) ISR SR ALHE K .

1 F i REH iR

WAZ e SC T LA &5 R R A A P WA B AR SE AR DO % . S0, A0 B 2544
& IRQ IR 7T irq _desc, ItAMAAT ISR #liik 177 irqaction #1 PIC Hiiili 17F irq _chip. &4~
Wiigi k5 IRQ #BH—A IRQ AT, ILrpflf 7 iz IRQ HIWZkfE M RE. FriEm
PIC DL SR ) ISR 2845 Ko AT IRQ AT AR A irq _desc[15k4l, FArl& IRQ
o FEANCIEME ISR &4 A ISR $iik 77, Hufr F & ram. bl 2 ISR 1)
Hbhl handler 5. thF nl e £ M ILE R — IRQ £, ‘B4 ISR A FF & —> ISR
BAF, HETEX WK IRQ FiR 1) action F8EF L. PIC il 77E4E T X4F PIC .5 AR
— AR R, R IZ A R HrT LT TRQ ZR IS« 28 F R W2 S5 A o

X RIAR 2K 2 1A (1) G ZR an ] 8-16 T o

irq_descf] irq_desc irq_chip
irq data.chi
’ LS piC
7 IRQ aci .
i ik o etion irgaction - irgaction
b ! N A [
S ISREGR T ISR R 7 ——
#handler *
! ISR ISR

Bl 8-16 H# RGRIEIA LG

2) HWT AR FE R A S R

Hh BT AR 4540 FE T B DK B AR S — i 223, t KB FR I se i MK . 7 B IRHT R i
If, SRR AT WG ERAE, SRAFIT TR R b4k IRQ 2855, FFAM request_irq()
PR HCKIE M & [ T . request irq() R A5 7] A A% 38 HE S5 M R 8T IRQ. ISR Huhik LA AL
AR S F S, NG TR BRI E RS IDT , S ILEEST IRQ b F756 4t
%, SRJ5% ISR #:31i% IRQ I ISR BAFIh . ZJ5, PIAZSUTT LAY HI ISR AL BHLAH N ) o
Wr 1.

135 2 5% B A4 IS SR AR 5 LE R 5800 YR 11 () IRt 6 73 8 8 JSORE . 1 TRQ S5 %% U
XL free irq() R R TERUN -

3) ki B R AR

e J . CPU K563 IDT whis & 1) it N I Mk b 047 Linux RS0+
W A R E AR D W ) R A, SR BRAL B AL T 2 N1 commoninterrupt A
1To PATREFERE: o7 8%, RG] do IRQOFEFFACBEFIT, #t )5 hATiR B 4ChS
ret from intr(), V& INIZIFIRA].

do IRQOMATIN T E IR WA W) &, 7F irq _desc[ [ rh e E0F NV 11
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IRQ i [4] PIC i %, 51111% TRQ £ LRI 7 ISR BAFZE AN T S 5204
IRQ MFTA ISR 47, HR AT 57 A P W) i & AH X K ISR 2y T ab B, HAb e &
[¥] ISR #CRFTETNIMER s 4G IRQ £, AT H iR 9]

£ Linux R4, FHHRE]GA @ WEHRAT BN Ph W2t A, A
PRIy Al e o M R SRR EAR . B — M /O IR AL 2 58 B 5 2R I A5 A At 2
PR . R R W Ab BEFR P AE thread info 1% E T EH1H¥ need resched fr, NI7E
HHITIR (Bl o 5 R N AZ AT HORT M, e — AN I bR g AT .

3. Linux B ETALEA R

Linux [{rH AL BARATRF O, e 08 D T (0 AL B AR 20 A P4y, B« i
(tophalf) Al “ F#" (bottom half). FFHf TAE o Wb HFE % do_IRQOH ISR 5%
B, IR AR 25 E I LSS . 2 BT LA RE R 23 56 4 22 % 18 31 o iy b B
k.

TR BENLAC A, PR A b B P O B IS T BESRAT o o BT A BEAR PR AN T W
T HAbUERE 24T, M HAEILIE AT AL 2 0 H F) — P (018K, F HAS e vrdE R
HEHBATE R, Fik, R SRR DA AR B I B AT 78, A5 I 23 3 B S5 8
T2 K

SR, G TP B AR 2 TAR S, X SO AL KA T P )E . Linux
KT TR U RIX A FJE . R A, oAb B 5 X e il i A
K2, BRIER TAE, Wit LHE, mpraaess v e o s TAES R ]
TR L, R AR LT -

TR R CE B [ Dhfe S S N A A e 2 — AN eh R AR I
PR B PR ST R AR AT, B AR @ BB R 1 WA T A%, B AR
BARAFRBNNAT, FEREAEBEA T AT o XA A S UREEfE “ Tl T, RgkEE TARI .
AL FEAE R ) 5 — A TAER S T W, RIS AR P T i3] R T AER A
i, AR E e AR R TAE, b SR A A B, BRI S AR PR 5
HEOLA PS50, m] DAL R 3 i 2 1) i 4 b

RER S (A Ak R AR B R A8 Se B, e 1 AR A b~ s 380 P i s
AT A AR BE, 3K L8 b BEAT G AR A K BB X LLERFE (1. Rl LA N B e
(772, E AT P T A R AR BTN AN TAEBA S, i AR AR IE I L
PHAT . BT NRRERE, Brele T Db, W VR AR . Ik, AR TR R AL
PRI, G A B & B AR ) B & 7 AL TR T W, AN T ) LR I Mg P 2
LRV P B RIS T8 R, FRREATE . EARBUORIE T O6) o B A e 12

CAI R A ], FAToR 1 i — T R R LR T b T AL B A R R MR
#% R B N PEE A Ny, P WnE A CPU AT s (3] 7. CPU 7RI M X A
PATI R PR AL EERE > o T AR BEAR e N B R, K B et SR B N AT, IR
AR B SR TAEBA S & P ISTALBERR iR S, Ry LS B A ) Eths £
T T R A AT LSRR PAT o 1 2130 b5 38 P A7 o 1 D e i £
BEATAREL S AHWUSE B, PR AL SE WSO A S v, (R P AR A .
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2.6 WAL _EIF) Linux WAZEEAI T 3 Bpsizal BB ApLE], o2 bl (softirg)
AMTSS (tasklet) FOTAEBAF (work queue). HiTHIAZHITIAE £ 5 Al G TAE S A o,
R e AN AR SRR 7 A BAT I, B aT DL b o F e e . A e Ry S ELY
AR AE A R T W AR BRFR AT 1, e T AR, (B RV, Rt
e, HIRGBLEZ, A GERAT U MR e S

] il

8-1 fRIABRAEE I ATRE.

8-2 fraRi&¥Eila? W& EENS VO REHHM?

8-3 /O it 7 AWM LA ? L e ik .

84 Ar AT Wi? M ABGI R ? b AL B AR A FE R D IR

8-5 4t DMA? fijik DMA 75 X IHEdE 1L 5 i .

8-6 AT 2aREM? AT A RDEAF? AT SR A X 52

8-7 AT 2RI 7 SRR & (1 AR AT A ?

8-8 XUt SPOOLing A 4i (1 TAE A HE,

8-9 A ARWHIKENFEF? I EEINMERT A

8-10 1AW AISIME? Linux fi{i] <30 e &0 7.4 2

8-11 fjiA Linux & IR AL URAVEH -

8-12  — Mt & SCHEA A A K ? eI o XA AR 2

8-13 7E Linux REH, 4TI — AW L SORLe 2 i F IR e ?

8-14  VFS WHuPRFEF AT 15 £ 1R SCAFBRAE Wi 1108 25 IX 8 1145 A el 2 1 2

8-15 B0 A E5F1F VO J5 A ML H ?

8-16 Linux ili R ZMERZ A2

8-17 VO TIEFEFF & H S HEFF R AT 2 Re LA RESE U7 i 1 8 2

8-18 Linux [¥) VO Vi FILAMLE? ZiEA (AN ?

8-19 Ve T T AL IR S RS TAE? gt B b BEFR 5 AS Ao 1 A BRL 2 2

8-20 {4 Linux [FH B AL £ 24 3R R0 2 LR se s E G A4
X 1] 2

\vER
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MR R, RAE R ThRE 2 0 P 32t - MEATHSERLAR gz 1, A
JURT LA AEAT RO AL Y RGeS B Se I A I AR o R L1 5 AP — 2
BAE RGO PTERI EEHRZ — XA REE, B R RS H0RE O g 2 ] LU AR
WG RE, HIFMBERARL.

9.1 FMERGIZOMLA

9.1.1 VSRV IEE

FBAERG IR, H P EBEAS “PEk” pBACRMH RE ). ik, #41ER4%
(R4 1 a] LUR PR P S8 Mk 2

1. {EdrRO#E=

BNk GGob) JEH P it LR GRS — D TAE. it RS s 3 — NN
FEFF, BAE Shell A D 2AT, #GRIEM R MEl. —ME Y i
PATIORE . B 8 s A HAT IO =0 Bl @ 24T “Is -1 Jete > abe” IXAME
WS URRSE: $UT Is #2F7, bH/ete Hg, PATT R AETEMPIE, fFA abe U .

e SRS B DI OC, B A Xal. HIRe—MelE, REaad it
FKHATIEAE N o W H —MEERT R —ANEEFE, SEi BEFE S 1R a] LA AE 2 [Fl—A~F40) .
(BT B — ML AT GEXS W 2N 3EFE, il “1s -s | sort -nr | more” X PMENV LA IS
1 3 AR, - BIHAT sy sort 1 more #2)7, ‘EATHMETE LAE ML E AT S o SEI T
YEME SRR A S T, (R RY [ X SE R [ 8k . Bz, AR T
L R RGIRAS TARR SR AT BERE RG MM AT, & RS8R TAER AT
SR o AENVHEIR F PR E R I TARRAE KR, AR IR B E RGEPATAE
C Al apuy R

2 {EAREE

X FHREARBER G, X CPU MiRIE S A g, RIVENVIRERBERARE . ARk
JEXT CPU [ 2 A B, B4 B eng, A E eI N RS AT . ERETH B I i
X CPU IO B, RI& AP g, EFEGE M EEre 5 CPU iE1T.

AERCAEE R G, EP S bR AS 1. B A8 S5 IRV AE AT VR P BA B S5 55
SR EERR P AT R, AMEIEA WA, HLERERERIEAT . 1B FAR
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SRR ST A VA T, A B Bl L s 00 Y VR T A B B R
PR PRI (LT LA R . N RGO e L T2 AT RS, (L0
R LSRR SR A

T UNIXULinux 25 TR RGOS, HRAT I RIS . Ak PR A
ST WA TFRAIEAT . RO P ] ORI RO (2 . B, Rl
BN S A B IR R CEAWERD %, (e ST,
TSI 5, M &AM 5 TS £ 5
A, PEIEILEAT IR 1162 45

9.12 BRERZNEQD

FAE RS LD gest 2 e it MR RGN A RE RS AR, %
ERGEM B LT LRI A M e — 2t R B0, R el i e
.

1. AR#EN

PR DR B AE R Ge i H P R AR A i, 20 R A LRE 1 528 B e A

R F R G, P AREHEIES REACH., 112 AR 77 AR HULE T &
ilt . H P psEgs s YRR st R VR AT . Bk, AR B RGE H
gl EHiES .

AR ARG T, 5 B %S REAZ . AT A B A=,
A A P D5 b d AT L P B UM EDE A P B D P g .

D) ar AT R

24T H 1 E210 (Command Line Interface, CLI) J& At 4 5 =4l FH R 4110 H 74t
M. BAERGRMS A ABRAEawS, O ECART A A A dr & 5 R G H,
PATHEF o 2 PAT I Rt LA T s St b

B R SR BT E . R ATgAESEIl A shit, EAGAEH].

2) EJER N

EJER #3210 (Graphical User Interface, GUID) 7& LA FARIKE) 7 XAl FH ARG R
P HAERGOHRH ) ATPATHHRIELLEDE CR (& B, EbR. 28, %4155 M7
AN R TE B S b, B P RS s B R RV i LI ETE G, LS R4
WA H, BATREF. ira R EDE T B n7e il L.

P St i HAT IR B WA, F P AN D60 A2 5 2 1) i 4 RV el mT LU A b A
ARG

2. BF#EO

FEFF R L R UG 0] RGBS kY, e — A RGMAHA K. RGHH L
FAERHIRIERB NI — 41 X F54% . B feg SRR, Lk R RS
WERAE, WCHF s . Bl . Mg, A A R ARSI, By
DA, ZREEUREH] 2 BRAE Rachefitay N HIRE PR mE— #2110 .

MWNER FRE, HPEDBTRERED, EHPSBERZZRNED . mrEr#E

S
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FUMRASRFL ), AR (WM TR MRS SHERGNZZIET
B P8 IR Tl fie do 2%t S 75 P SR S B

9.1.3 Linux ZE&MEN

Linux R4t iy 247 FEE s FhH P 820 BLUFR )P4 L. Linux [y 24780 2
g >R AERF Shell 2R SCARTT S dr AT FLifl. Linux [EDERE L2 T X
Window 5% Wayland 4% R4 #a 2 (1) 7 140 BB H ™ Shifi . Linux (F7F2732 1 4 B Linux M
PRt —A RGP . DL RS0l X 3 N LI AL R # A iR 2

Linux Z 5% 1 BCH 454K 7 UNIX ) Bt 27, IR 412 T H i 3E 50% (tools, not
policy). XA B2 A S B LHOET A NAZ ] 258 pk, At Mg P S flt—2e g
AT H, b A g inf ZHAE R X T T B A E$s . UNIX/Linux F1 77017 €&
F7 5 9T IrRHPTFETREAAEE . Kk, 2 2EFH Linux j&— MR
TR,

9.2 Shell 51N

Linux R4 2 178 1 i Shell #L4E1 A 7R S, BFCA Shell fiin. 5
EE S RIAR LG, Shell SRS AFAGE T 5 M, HEMIIREE A, R, 18 al .
FTCL, it MNFRGTIT Kb R EEE, Shell #7058 22 H 31 St .

9.2.1 Shell REHIAFL
Shell F [ 1 —41 iy 2 Fl vy 2 i B AL/ Shell 41 k.

A A
1. 7%

Linux REFMELH ) —4l58 & 04, X8y 4 nT CLsE o o i 20 5P 1E,
WP Bkt Rt REMIEEEIAE . FTH a4 88T B Shell 725 B4R
17, FTLAFR A Shell 4.

Shell iy 443k P i & FAMT G P25 . P T IX AAE TSR0 77 KA A iR
A ISR B 57T Shell PRI, A4 RIS & LA rT PAT SCAF B A7 TR . A
A A S B LR . A TSR DI RE, AN A A T SE B LU ST A FEIN BlRR IR
[HI e .

2. wSHRBRERF

Linux [y 4 fi 2/ 7F5 4 Shell. Shell 1 STEM A #4818 AT HRENT fr 24T -
WS P SR a4, Shell i 1 F 2 iy 40 B (1 B BAT s SRS IR [AL; S SMiT 4, Shell
A — TR AT .

9.2.2 Shell NTh&E

Shell [¥) L) RELLAE LAR JLIIL.
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1. B ITHS

Shell [1) 3= EINAEIEAEAS T 0 AR AIBAT H P SN2 . Shell &7 58 285y i
AR @ AAT, REMITHG24 . SRS e AT ARk, W
SCAFIBECAT S EIERTE WA 5 G IBATATAE, Shell 23X HHEATAH I (b FE . AbBE5E A%
Ji, Shell Ht k8l 21247, IFWIZITIEE R WonTehi s L.

Shell $2 41t T PR HAT AT 2177, BIRT G IBATRIG GI81T. AT G TR ST
Shell AT7E[) &K i, Wil 5 H AT, WA, 35 Bk gs g
JE G ISAT IR N 25 T Shell FT7E &b, A5 A BRER G2 1T . Rk, @2
H I N BAERT 1817, LB B FER TS W N ATE )5 G817 .

47K Shell 4 R IR 7 RERIR BT & SCRZE 10.2 5 R il 4.

2. BCERSHIEITIMNG

Shell /) — T g & e IS AT BT . IABE th— 4L SR mAl ik, BB EPidRT
Shell IZATIN 5 Z 11— L5 &, a2 R, P MEHR. R Ea. #r
T 2R . A INEUE &5 m Shell [ HARTT 4.

Shell 3 #hinf 23 [ SN HAT W0 B SO el 7t [ R EREE . D AT LU k48 ok ic B S
PR EE A 1 O AE RS I3RS . 47 ¢ Shell [FRETAE B 4E 10.3.4 154148, 4555 Shell
(FIECE SCARIETE 1132 114,

3. iREAE S S

X VR A T By SO S 1@ 4, i echos cd. pwd %5, AJLLYE Shell #2/7
W S, X LE ] Shell B CUSEELI & 502 N i 4, ke mUE AT AR, $UT
PR I Shell #EEAE 1)L AN AT 2.

4. 35 Shell 432

Shell & fig FHAE AR I 40 515 = ] Shell i 5 405 (FEFFR A Shell F25° (AR N
Shell JHIA), ©iEtH—F 4 Shell v 4LRL Al AT SCA LA« Shell #2401 T —e 2 H )
i MBSy, WAL SRR PR EIE, Kee Ay St d 4 A0 25 & R AT # i
HH 8 A A (IR £ M T2 B

Shell F2 /¥ 13247 77 R Gl dr A« 55 10 TORE% T 1047 Shell 4afR IF13EA T 15

9.2.3 Shell B9RRA

7E UNIX WA 2 ¥, REHBAH iRy, FRMBRHATH P &4, 1979
4, AT&T Bell 525 %1 S.R. Bourne JT A1 55— Shell ##/7— Bourne Shell (/74
s& bsh) o LU XRRSEH LT diin MK 27 A0 e A 40 82 (1) Bill Joy J A1 C Shell (esh) FH
AT&T Bell 9253 % David Korn JT % (1] Ko Shell (ksh).

H i Shell [ARAATR ZH, FEA LELL L 3 F Shell (99 i 545 4. & Fh Shell i,
SRAEFEARThRE LMRIT, BMMIGEAR, RN, A . &
Shell FlRAAT LAF JLF:

e Boume Shell (bsh): £ L) Shell, JL-F&:FF UNIX/Linux | #Fa] LAET, & T

.
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o CShell (csh): & CIESHIL (B TEEF LT,

e Kom Shell (ksh): 4 1 csh fl bsh (U445, 754 POSIX Frifk.

e Enhanced C Shell (tcsh): csh (14 .

e Boume Again Shell (bash): bsh 4 i, [ 254 T csh Al ksh (1455

e Public Domain Korn Shell (pdksh): ksh [ fZ.

o ZShell (zsh): 45757 bash. tesh fl ksh [(11F £ Ifit.

Linux 4 BT ) Shell /& Bourne Again Shell(bash).bash /:J& -+ Bourne Shell
JFA I GNU Ak, E15# POSIX #rfE, H-5 Bourne Shell 554244 . bash i
T 1% C Shell #1 Kom Shell H (18 £, Widr 4 A4 s, wlady e, sl
S, EgmAE T A+ .

2T AT Linux R4 A WL ] F (¥ Shell, ] LL#r F/etc/shells 1.

9.2.4 Shell WT xR

Shell 1113217 5 A A B A B Rl 723 S a] LU R IR e ia 17 7 A A28
b5 Shell 5480, ERHATH A6 4 628 B Shell M %[ 1 AT R4 B
SIREMT Y, NS HEAL . AT AR A H X Shell A TAEGFE

1. Shell B9/33h

MEFFEH G Bk, Shell AZNAA). XANFEEZN A Shell FRAE % Shell
(Login Shell). %5 Linux ZRKIAJSZNE % Shell /& bash, A/ tn] LR @ AR Shell
AR

R X AE M4 8 Shell, RIGEIE 5 AAI N ¥ 2 K 05 20 ) #F—4> Shell. i
1, fir4 bash ¥ [3150—> bash JEFE, fiv4 ksh B J750— 4 ksh UFFE. JX2EH] Shell fir4
JA B Shell #x%T Shell (Subshell). 7EEIESHIHIITF “&im” & LA ) Shell
1 Shell, [FI#¥, ¥~ Shell i LLSB))'E ¥ Shell. Login Shell 551~ Shell (1] 3 #2[X
E T IS AR B R AT AR .

2. MRk

Shell Ji5) )7, ¥EEBATAIM, ST TAEIREL. Login Shell 7E9)4A 1L I EEAT—
RYNFIRES L AT, s B nIg AT b . T3 T Shell #f T./E7F Login Shell
LI Es 2 R Wik, 7 Shell JAsh HFEHAT— LT THT T Shell il i) A
LAF.

Vst se s, Shell WoRir SHEnfF, SRH AR AT,

3. L. MeST

4 Shell M\# AN —ASERERI M AATIG, BT T & 44 IS, R4
i AT P IR AT A, e SRR . WOEAEIE . HE M B R .

4. PITHE

D AT A4

W T4 275 Shell HEFE ARSI, S& Shell 15 -#F2r. 24 Shell fi##ril 4%
W A I, e A X NI N R R T AT WG IR B, BoRir A HR
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T, ST &N A . A exit AT AFRSN, B Al Shell STELEH .

2) BTN A

4 Shell fi#ffrtH— AN A 20, T2 TS B S 20 & fir 2 AT . Shell 175
G —A TR, e TRERE P AR B A AT O, RS L R R, B4
e MO, PR ACIHFR) Shell B fFhiztT Jr 2

(1) iR 2 6ia17 773, W Shell K25 frdr % THERRRIE W SR 77T A
JEMEA SR A waitO R BUCE . T IUEFEE AT 45 5 e 5 7511 Shell. Shell [ADJ-7- 1k
B, ARG RO — %2

(2) MRS BIBIT (MATREA&TH), W Shell A2EFF FIEFELEHR, L
2R A PEORAF, MES TR S dn S THEFRIZAT &5 R A S 40 Shell Z2E47 (M1
i T A2 Hi 3k SIGCHLD {55, fEAP5 S El, RJG4kEH81T.

5. B

4 Shell Y IR Hi iy 21 ) 3= ) 45 12 17 - Shell [F13E H A P AP : 214 2457 Shell
& Login Shell, WJIE H Shell ¥ FE0B H & WIH 7T Shell A5/t Login Shell, i &
[F)—A~T Shell, W[EEH Shell & 45 RIX A~ 7~ Shell #EFE, R [1[F] -2 Shell.

JEH Shell 14 /& exito Ctrl+d BIERA Y exit iy & 4[A. tE4h, 4F Login Shell
Hhl B LA A logout iy 2B H .

9.3 Linux BIEFRR @

H7r, Linux R4 FREIEH S0 (GUD 25T X Window (1) & 4L B TE At
T, AH—2EF7 L Linux SR RGN TFGERA B AN EE 2R 24 Wayland. #rlHE;
A= S 1) ST A A Rr e adb A .

9.3.1 X Window Z&Z:#fiA

X Window R4 (fAjFR X 8k X11) E— AT A LD IEEH P80 R 450, 1984 4F
BRI T 22 B kA . Wil X Window [¥) H 1)/ 28 UNIX R Gede it — ML 1 EE A
4 X CCh UNIX/Linux R0 FIRPRiEETESZ DT, JF Z B3 & M e R4 .
H AT A2 B 2012 4 6 H LR KRARH RATHUA X11R7.7.

FERSHLDE, X Window JEAE —ANETER: LEIE, ©REIERE L R NIREA RIE
2o X BUE 1R R EE S o280 . AR JOB PR . KSR I X YOI K
I EDE SR el B X EE S, BUEEMI7EDIRE SMAERAE XA Ll e E R E K.

X Window ZR 447 LA N EF A

(1) ML FHERGNE. X BIES NS REGENZ AT, X BREHRA ST
THEE RGNS . (ERERGE R, ©RE—DMNHEME, nTUigis i3, TR
L LAEPNIRE.

(2) BT MERIZTT. X RAKINE ) k%% (Client/Server) X, "M 451217,
RO S 3 2 b AR P IIE AT 5 S, B E— S PlEs Fisdrimide s — B hles

\vED
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EEoR. XAE R RITEM 4 FAE R — G B s s AT, ek EDE R B oRTE A
SAGIGIR TSI,

(3) mERRERE. X HOAEDEFRMEIT AL TIAR KL, V52 P A mARie it
T X PRAER R R, i X RS54 & DA BRAR A . IXTMRAT P ARSI 7 2k 4R
EIE AR IE AN EC B i . Rk, FEF X FTi nr LA 5 SR .

(4) =R RYE. 2 T X ARAETE AN TR e 55 S i i 8 ook, Al ZEATA] S H¥
X & b izt AL .

A LK, X Windows — FLASAE 447 UNIX/Linux R 81 E LS 4. (Hiz
R, BEAT BRI R R, XM WL eI A R . X ) TR
ST THRVE RG WAL AL T2 AT I PE, {673 X 9 BB S A AT RE A 1R = IS AT 2L
oo IXX TG RGO AL ), R AFERAY 3D BB B TR RS LA A
ﬁilﬂ)bﬂﬁﬂ’]A\Tﬁ?\?’ﬁﬁtﬂ@d}lﬁi%ﬁ%%ﬂ'u LIFANE . IEECh Wk, BB Fedora %5
R4 A TR Wayland U X T

0.3.2 XAZHNEKRREN

X RGEXH TESREBIERGEN . — 1580 X 290 3 Mo dk: X %
X B X . X REEMAREEWE 9-1 .

AT

g

Xt ,E

XPHL - TCPAPRIL )

VT

AT B \E

gy GEITXIRSSBAIXE F) X =
(RRXE P ) ) =
R % 2
(BATXEF)

B 9-1 X Window R IR R LEH

1. X BRE =

X Mes#s (X Server) 52 X REML LA . E2 T T 12 nm s (BoREs.
B BbR) SCELETE S A B X RS A EEIREW T

o PRI A I A B AR R, dE A, BSOS R .

o R X K PRRFFIER, TERAE BoRbE Eax i EIE RS AR AE .

o PREREAF AR MA SR, A RRES RIR B X BRI RL.

BZ, X RSSO T IR am i iRlE, X &5 R E 2 BoRm B A
(P, AT 2L 1 i s ds DO AR id & 5 B PR 40y

BT T XRS5 i £8mfr h X Bonds (X dlsplay) Rl LT 24 X BoRds,
A W AR T BN IS AT A XS 4 X R ) R E BRI, il 2 40R
FE AT X Wosdl, Zandsy LI X kg dsmi e 5t fy, e it imee & Wb ds L
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WoRHE.

MFEERG NS, X W& U — MBI g R mC, o] LU IHAD
SRR RERIST M 22 . BRI T 4% . Linux Z240% FH I TTUE X RS %2 X Org JE4
2FEFIFRI Xorg. Xorg M GPL VFA A, HATC2 Linux FZAATIR B X IR
%A

2.XEF

X %/ (X Client) j&—SeHHEAEpEE LYo REEAMINFRT. £ X R4, X4k
FEFF IOV AR B bt FAB R T, ENTRGEER X ST, 15K X R485¢
e e . RIFEE AR B P g, i el X AR 45 4 3R A B A 0 IR
PRI . EIXH, X RS a2 A mmRsmietdts, X g @ fmRsrfEmn#E, W&
FE[A) 5 AL A B ARAE: fEm St ey, X & e SRR A, X RS 85
RSB B s AR TR A AR, XRG4 R OFm A A F0F, X & b3
NFHE.

X B EFEAE, FUEWHAREAHNRERITARE X 5. e U eilsh
PR

o X TH: HF RS T MR, W . SoRieds. sSmip

Jin A
L4 o

o X WH: HFSI AN R, Wi B4y Firefox. 2% xterm. BH8f xclock
EEES xcale, HBPFHEER xbiff %%

3. XY

X M (X Protocol) 1t X %) 5 X M4 < [0 A5 IS BT g (1) — 2SR, e
T IR A AT B A . X 2% ) X RS AR TE R LA X RS a5 X %
JUR AN B B, AT X SCA R A S R ARV A

X PMUEATTE TCPAP Wpl 2 1=y X IS5 A8 H —AMBRIAR) TCP & K R A X %%
FUIE R o X EMAT X 2% )7 M XRS5 4% T LLoy s AT fE M 2% ARl 500l . A
H P EERTHENL_EIETT X RS 4s, WA ETE AR SRR TN Listr X &,
AT LI eI T AU SR PR Bonds b FTER AR, e A ], 1X
WA X RGN M 4505 B

TEAT S FRA B, XN S Bl o SRt H o . lan, FE Q80 Y 28 20455
th, I SOOI SR R AT RS A R L, WK SISO R S5 48« sk BE I N A
2 A A A R R TR AT H S5 HP Al DIR[0 48 120 F2 5 5% 31)iX L R 4%
b, RN REREAT, JRRAmIER A ST Boas. BN, A BUREIA
AL B2 AN, eI E D AR R N SR fEA bR o B, 18 9-1 p i
bt BRI 3 ANE L AR SR A A SR AR RS . H P AT DR sk [ AN ]
RGN T 1 2z [ Bl 2 5 AR G, 1 58 AN GO R 2 R A R 28 AR 5. IXeh
Ja RV 2 8 LR R i .

\vID
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9.3.3 XEFEFEBER

T X EDEE D F i d— A X RS as Mt X % A . T X & ez,
AT A FERCERT X Window RGN A MFERKRLZHZHE, A 4%,

1. BREEAE

Iy R DB AR > XORGas Al A X N IRERR AL Fim. #lin, & 9-2
A H X RS #5 R —A xcale NV 4 A 114 5 B B S L1

0
DEG

‘lXx H %2 || ' |||:|-:/c|| Ac |

INY || =in || cos || tan || DRG
e EE log In Yo
T x| i K :
STO 7 =] 9 *
RCL 4 ] =]
SUM 1 2 3 +
Caka AR

B2 BHEREEERE

AT fa] S SR KR A R I B 9-3 e TR B sy, X & XORSS A
B TR R, XRS5 S IR A% VO F 4t e i R E . 4 PR &5 /B P b ey, X
R 55354 N AZA B0, 220 I AL BIS T i N 20, ARiel X & i T abBL

o ik [
ol XHi % )

i A
E9-3 fERERMFEELGH

Lh xcale B A6, & X RGBS TS : xcale JABNE, 19 X IR
R —RHNEK, FEhH LI SEEE. MEbs 58S LI — MR, X AR
el — 5 AN FHAFIE AN xcale. xcale 13K X RS 25 M B 2 Bz iz MR . élwﬁT‘fL\
LR, X OARSS # AN xcale, xcale 3K X RSG5 ds M S F2 LI o, [AJIRFOR A3 EG WY
I FFFIE AT S o i B2 ECF BE K X RS AR AR o b E SR A5

Jefy =" HUTIRTHA, RIS BT X RS A B oK

X ] A DR S s X N HRRIRAS A LS E R A O TAEX IR T),
TEEES) . BONES N A AR, B, 24 XN RN ST, A 1 AR
AR TS, LiEMH. K94 8i/d55) I xterm. xcale. xclock A1 xbiff P4~ 1




BOS FERGED  \IB
e

REFFHI SR, th TR E RO N A BOELF, RS, B AT L i 5t
A LLIE S TAE

Fling1$ xbiff &

0I arning: Cannot convert string "flagu
oo e 1|string flagdown"” to type Pixmap
tan || DRG
1n Y
n %! { H :
sTa || 7 8 9 *
RCL || 4 5 &
SUM || 1 2 3
ExC || o -l =

94 BEIFN X MAREFERELRE

TR P SR L FER P RS 0 A, Bl X RS, B AR M 4% i e
PAT A X N R .

2. BOKERAT

MG 2 AT R EFEN BoRER - BorbE LN, TR G DAL S R
(M9t . & (window) AR HFEIT 5 H P AT AT & BT BB AL IX 3. REAN T LA
—ANE D HESS, HEZLHIOHE ., bR, gzl maE R4 M. MRS TR
Al LR ECE RS BAD. 4 e o 1 . I 2 m ] oA B RIS R, R
TEI o

XK T WIS RIPRAAEAE . 75505 LR L (root window), 47 MY
MFERFME DS RERED L, B TrE0. SN A TEEA Q& DL
W, B EEm N SR [ A ORISR, R [ O X I A

5 MS Windows RZiAA, £ X R4, X MNHRTFHAA CKIE IR,
WU, N AR AT T R e D HEZL RS, AT AL P v il A (AT
Bah. KA MR, Fra RIS Dl e D8 g — b o — M RF
SKTERG, XA LS

T PSS (Window Manager) &8 P L4~ X L HARAM, ST LT
kR, E&. #ish. HEUGFETE. —NNHEF RS, &SR ATTUNEN
SR LA AESE . 2 R MR R L, A O PR S S B A



Linux JBIERGEEN . RIPSMWA (56 2 k)

FEREATAR N R A BE . B B T B ML S TR U BE R D ST IR AN LR R
B R AMEEIbR . 2 B O R RN, 1 B 2 2l A B AR IR
e K9-520a8) T &S S MFm, SaRrne2il4 > X MR, EEqmt
oA E LT .

1w || =2 W | CECC| AC

INV || =in || cos | tan || DRG

EE log 1n Yo

STO

RCL

SUH

F= || N | R

ExC

Eos5s AROEERMEKRAE

R () S B T D PR AT B, X0 XIS Bt R AR X BT
—AME R T, N E LR AT SN, al LI MR . R R T2
X N HIFERR e 1, WA I B TR, DO & A PR B AT AR E .

P 9-6 JL 7 AL B S iR 4L A S5 R G &

o i IR 2K iR K

M X5 i AT 3R XRHTER
il AT LI S

E9-6 &HOLERFmAYEN

WA CAETEMR T, IS i BRI AT, e sk ik B X IR %
FIEA S B, X WA RS X IS, modilnl i A B b ee .
ANFAEREE R A D B AR A, B dn i Bt sh N T 0 A D HESY, sl o s (i ALY
EATSBE B O RAT A B, WA AT . Won T VT ELAR AR
LI NFAAEALET RN (1, Bl A TR AR AR AL, AN S T 1 B SR I A N
FIRERFREAT AL BE

B LA T W D) BN EAT AN R AN RN, R D
S A 1A B R L SRR o (ELA (R F) i 1 B 8 A A [ 0 R R4 XU
AL IANF B LV B, AT DU SCHIAMEAR IO & I3ABE . K044 IO 11 BE3RAT twm,
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fvwm. sawfish. metacity. mutter 55. & 9-5 5l /& twm [1] 7 11 XU

Tl A P TR S 1 A B FH R A 8 R 8 B 1 W DR i, 2% 1 U e i X
NFHRRR . Bltn, X N AR I AETLEfE I R & LIRARER, MAEAR%hE
e R WP ROk, BRI I S A T E .

3. KREMNE

S0 (Desktop) & MEMALHIENIE TAEMSE, W 78 b L& M EIbR. &1,
SEEL L TN B 02 RAE AT AT L IR 28 i o St A 83 P Al 1 — S B M
AR A7 AORAE v 5L, it 787 J\%‘TET%ﬁ%Hﬁ H AT M a4, Kl
H lbr il AR RT e B BN . OB RS, B EH EEE. B 9-7 Bt —
MREERI)HH

SRS - SUHEERS
3(#(_3 GIEE) HAY #2G #FEH)

*§ cherry
[&§ Desktop
B Euek
O riEFE:
Ty M

i|_=|y

lost+found  media

- =

[19 71 (93.5 KB) . FIR%E: 13.7 CB

HEBwWw . =
9.7 Xfce RHEIFE

SRR EE 4 X T HBA eSS, ORE LB Mas. SInisHss. o & mes
F—S T H . EATZ g5 R 5 R WP 9-8 fiTn.

LAES

Wiz == XH5d B L EM XK

LI

A
[
)

SR

H
piinf=3

98 REAZHIGH



ﬁ Linx SRIERGTRAD. PSR (562 k%)

WM ARG TR T — 90 THBM, S B s TR — AN 1 SO
25, e R AT CURAA HIEA T SO E R . T4 T B 00 DO A I AT L i i
Al EHREE LR RN R SR T N ) S A T L AR

S RS0 AR RGAMAL T, 7 e im0 H 058t a] DA 2 A 41T . Linux
b BGARAT I ST R 45 S GNOME Hi KDE, B7E 9.3.5 5 fai /4.

4. RREHEE

S ARG A AR 78, AT T3 3h L RS FE H FE B RRI . A 7 (8 A
FHEJES M, Linux FR4005 8 T —F SR BE A, M@ AL 1 1 SR 22
FEIP R BB Y %y, AE A o] DL B RTE B am ok R0, U SLEEE TAE .

WoRE S (display manager) J& MEP X WoREEIEM, BTN R
ACHE X 20l I, BN P8 st ARG H 2R ARG AR . B B
RN LIZAT, EHE RIS s X &%, @ — el I X BoRd,
RIG B — NI B SR . TR R g s, i & SO s A sh—
ANEEHD St (BRI IE E AL 83— M RS0 . P AR e, e oK
P AR L, HBE S PR, SRR sk

RGN, SERANEEESS LRz —A B ies. FAHN S RE A
xdm. kdm 1 gdm. kdm F1 gdm 43 5J¢ % KDE F1 GNOME 5[ ifif 111 Wb <45 B 2%,
xdm W R 3 doe i BB S, 5 FEAtim e X & Won i B bR T ER )
BRI 44N, G A AR 2 6k, FlaiE R R A S, ECHL. EiS
2, & 9-9 Ji Fedora 26 It gdm &3¢ 74 .

IE cherry

A0
208008

B

fedora”

El9-9 gdm TRFAM

9.3.4 F—REERES

SR W — BRI, B e SR B I 4 R Sl AR AT OGA (0, SRR
HIACE, SRR SR AT U R, B R, SR REAE, FRH 2 b
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o SEHRE B S A O R I FERR AE G (render). 76 X REGH, X %) HAATTAK
EIEEG, 11 X MRS 8 WA | FrA 2 HvE g TAE . 0Pk X 2% 48 fiE g 7 =ny
U EEI=RAR

FeF 5 S A 7 2P )78 G 7 248 10 2 UOE SR AT I 45 0 45 oL 7, PEfE 2
RAWEZE. PIIEDE S IE R TR, (ORI EM YA, FEIReR b
BUFATE . BB ETER ORI TVF 2 Ao, WnBa . iEYSi. 3D %F
WO IXECERPE ARG R VR TAE, HdE X RS 4s O CUET.

AT HGEEIE BoR R PERE, Linux 9] N T HIZE 42 K (Direct Rendering
Infrastructure, DRI). XH DRI 5K, X WA HESNRE OE DML IREYL, %H
FHLEN AT RGN G, X RS e RN T ELA A . aTLE S, e Xk
S Shre bl gk, v MU S R — ML, X I AR th 5 4 nT LR 1
AR . XKW, X+ DRI ZRMH— RS AKRY, X CA T BAL Y F 48
.

2012 7F, —/N B EIUR X1 457 11 B E 2o 228 Wayland KA T . fERf i35, Wayland
e MG BEX T BIEE R R RS L el Z R R, EiX— Ak
T X SE R 5 X AEZ AT, Wayland BUH TAEZE “X RST4/X %5007 1
B, AR B RIS 85 7 e R IR BRI T RR K X IR 45 2 i 114
A AR BT, EIhRE B O 1o Wik N A ST R A R
BRI, A OCE LU HERR I 22 B S A 45 2 P AR I 1 O . sl A2 1, Wayland
BT TR RRFEZ 1A ERG e L BITH e & N BoR30R, JFH B
Ttk

Wayland FEJE Bos R4c11 220 Wik 9-10 Fros.

W ik gy TR
Wayland [/} 1%

evdev Wayland el X Wayland

KMS  |~= Compositor Client

B 9-10 Wayland B2 2R RS54

Wayland B2 [F) 4% 0 & — PR A Wayland 15 s (Wayland Compositor) [1] 71 Hig 2%
o EMESEFHIE Wayland %7 (Wayland Client). o455 5% 2 mlilid
Wayland PrisGH T 5 76 NAZ TP AN T —2e BoRsr it . o, evdev & EITEMA
HHEL, KMS 2 B &N, Bk e SRENmEIEERED, AR RZIER
RS o

7E Wayland R4, SER— U Won EBNAS HOS AR 2. ALK evdev SR1G— M
NFE, BEfkifizy Compositor; Compositor X SEAFHEAT HIWT, e WA T 1 WY R0
ANFAE, RIS AN E (1 Client; Client 4Pz 4 A S, A pleh 5211 P I 56 4L
P, it EGL (AHCF & BB D) BEIERE A AW BAA% 7, K515 K Compositor
FLFCL T 55 Compositor WCH i sR, T & if % B %, AR5 K H 1O
153K WAZ AR E: KMS MR VO 152K, B A . FEIX A Bk FE, Compositor 5 Client

\vIy
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Linux JBIERGEEN, RIPSMWA (56 2 k)

Z AR R R ] B AE AL TPC, ORI % ) A 55 28 7 =X 4530 15

SPUESR, Wayland A& — M HETRT S 2005 mRUA EDE BoREEM . B 2B T X Window
MR 2 A, AR TIREIEN BoaiR, # Linux (5 RFERTTE A
BB . MHRTIIREGAE, X Window B2 fE—AN 24K sk a] ]9 73 31 S5, M
Wayland W23 0 RS2, BAKEUL X ML, mih Linux S0 RS0 L0 EIE
JLH

9.3.5 Linux EEARSEN

HAl Linux R & AT SR RS & GNOME (GNU Network Object Model
Environment) 1 KDE (Kool Desktop Environment). KDE SLIEURGEUEN, R T F & 1Y
I FAR P AL TR T, B0 XUt 5 Windows 28461, [ 143 A 2 (10> A 7 - GNOME
ST KA, TR dItLr. B4, GNOME M4 T a4 k2 564 [ i s, A
R THEZH A X RE L. Hil, XEKTPE OSSN m BN e, B
HIEDIRE. PERERIAMR LA EF, WOAR R sersith. BT NN EEHN R
M2 A, AT — i m A I S B AR AT, W Xfee. LXDE %5, om0 5 HL AT ) 21
W ARSI R RS S e s, ARAZ R Linux 1) 1 K

Sof PR SR, SRR R OG-, B G WHERE . SERIEETIR, 7Rk
X GNOME SiH &G —fai i 4H.

1. GNOME #1)5%

1999 4F, SPYEFFESF DY Miguel de Icaza FAANE JT k& SLEIJF R H T 500 R4
GNOME 1.0. GNOME & GNU %I —#7r, BAETIFER GTK+EE T THATT
K, M GPL VTR RAT, 564 A B, [EEChunt, GNOME 44| Red Hat (1)K
J)3¥F, Hih Red Hat. Fedora. Debian. Ubuntu. SUSE Z£FZ£ Linux K47 ER A%
eI . GNOME SIfl LARME T 2 hR, i mAase . S EMalEdlitE. 2011 4
KA GNOME3 s GNOME [f]— AR . P TG smsit, 5INT 455
ARG FIAZ TS, AL St sy 1, E s O ER] . H i GNOME3 i fE
BT, (HE R A B4R Linux SE1H R ZEH G,

oY) GNOME3 CLER A1 ] Wayland Sk AL 4L Xorg, (HAMRE T3+ Xorg
() GNOME %%t GNOME3 R FH (1) 4 s B P18 12 GDM(GNOME Display Manager ),
£ GDM [ s FHTm R, F T DURR B 55 BEIE B AN 5] 1) 5L THT o 7T 3 52 1R 55 B il GNOME
JEF Xorg [f) GNOME. [Hff[f) GNOME, sk HAlh 24 i1, 41 KDE (Plasma).
Xfce 2.

2. GNOME S &S IR

GNOME 4 [f 245 H1 L 1451 7% GNOME Shell, 7 VAP BIgS . SCF 7 #2500 A] k(1)
ST T B N A S5 o

1) GNOME Shell

GNOME Shell /& GNOME [0 & HR7E T 5 I KA AR VEReE, $e4t T S
FWIEARThRE, WU E O, AN 4. GNOME Shell HATIR4F () nT M &4, H
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gnome-tweak-tool " FLA] J7 (M6 & HEAT I B, A0 LT SR A3 00N T o JeAk, 7EM
2% LIEAT % ) GNOME Shell §"J& 41, I/ AlikFEM 24 iétl, 4 GNOME Shell
(R TIfiE -

2) B REE

Bt GNOMES3 [ AZR I\ 1 ] Wayland /i1 Mutter 7 & FE %%, ‘&7 GNOME 51
TR ff (g 2 Wayland Compositor Mutter & F1IF R el iAh, HANKK L. el
‘& HAT Wayland [FUFTBEARE S, GESCRE 3D Didi A& Pl i g 24

3) ORI ELGS

GNOME [) T, CAF4E P 4% 2 Nautilus. Nautilus A AT BTG SCHRE BT Shfg
RSO R AL 5 N A ORISR, AT SESR B 3 0 S B/ Ts. N R 8l g7
W25 IhRE, AH°1F Windows & % [1) Explorer.

4) H/phTH

GNOME & T —4l L @i R, wmHn. S8E6 A%, daE2
ﬂ’uﬁﬁ NI HELL GNOME Shell 4 ALK A PR, Al 2B A BEARRER [

HEoR. R DIRARSE, PRI EIE RS

5) GNOME M H 4 1

GNOME Epk T —EIhfeEE . BirRE N Y. &I GNOME N # At
LI

e LibreOffice: JpA%AME, %% Windows Office /4%,

e Evolution: HLTHEfFZ 8, A&AEMHN GRIESR) hig

e TFirefox: Web |'2%, % Linux A A7 HCERIA 228

e Gimp: KR4y, #7254 “GNU 1 Photosh0p .

e Empathy: BJEFIE{GRAE, SCRFZ R, W1 MSN. Messenger. Skype. ICQ %%,

e Totem: MUSIHEACES, SCHFRILE PR

e Rhythmbox: SHiEHEE.

3. GNOME REMMUSEH

GNOME fE AL AT S8t EoIN T2 st s, a9/ k4
RV NRVE TN TR AINE et

IDREATEI

GNOME i [ #F M ¥ v SR ) 1 B i e vh VAR, O 5 1 24355 17 b 4 S (R PR
GNOME i [ 355 BIPR A~ 2 AN A AR TR, I B s Vo # e Fome, B30 75 2 m)
A Erne R H RS S s ARt T

FEAMM L, GNOME RH 17 4 1 3= X Fof 41 3Rk Jy e I3 (theme) &
P LT SRS I H B, AFE R R R LA 1 AR Jtbr. B
Prs 468 SRS, e R m R E IR, BINE A4 . GNOME
IR L Adwaita, ARWFEE 9-11 fras. P af DL L O 0 3 0Ok 2 2k 5 Ak
AN [R] (1) R o



B/ Lo RIERGUG, RIS (382 i)

~—

2) HLTE 5 A R

GNOME U [T EAREAR T 5t S TG0AE BeAT — N0, TOURS T 1f () 4 8 DX 8 )
FURT ISR D, F TIRCE N I RE R a5 A% S T ]
WX AAET . GNOME F-AN2 K B AT B bR AR RCE A sl i b, i 48 e A1 20 5
TEAFRIAE T A 5N AR FTASER, g o, I mggss, st bR
TN TRERF A 1, A HAl Y, WE 9-11 (a) Fras. B H B 5 AR ST
ACIER, WURB AN BRIEAE LS, N R A U RS s AL . 7RI
BESALE T, P LRSI RR A sl S ok, (T i PE AT, i 9-11 (b) AN
(c) Famo TG BNBEYLINGIAALTAR S T It , BT s A e o

[ charry@ocalhost skel]$ cd /usr/bin
[ cherry@localhost hin]s 1s x*

EXHR

E
=

Br :

et] oBEF
= DI
+ TR
RAER
o [E]pres
Wi
HHE,

%
Lie

=1 )

(a) HHTHLE

© o 9 3 8 Dorary

(b) SR

“R RN
B 9-11 GNOME S£mIM R
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B 11:36 en ) 3 @ Bcherry

(c) THEhBR N E— “R AR
B 9-11 (&5)

PAR A2 0 S5 107 1 S EE R o 3 I EL A 4

(1) Tik% Ctop bar): A7 SLIIA Tk, A HCE — S8 5 R vy i) TH . Zid
& B fed, M T ORI s hagE P, At SRS T HERE (i
MR BCE . SRR R W R MRS, ehmEH A, e
) N hEF Al EH P MAL R, PATBE . . IRIREOCHLAG R E .

(2) HEFCEL (message tray): {54 FA, HFRAEZH T GER ST
Elbr. B3 RAER (B, fiA T UEELCD £, W FEIRE R, AT H e
W, BB EAS, ARG AAE, FE, TASTE ARSI, Hoelik
PEAL P ol 2 o o AN RS, AR A A B IR AR AR R AT AT B AR, it
ML EEGE . e3P 2 B s ). SR R EmA FASENESIME S,
iAo ook,

(3) S (desktop): THAS TR 4 X B nf FI A SR, F 08 F 7 IEAE
JHEIN T, a2 ] TAEX RN BEATGShRE R G, S P 2K G 50
MRV o . B S B AR WS S B

(4) TAEX (workspace): TAEDR XS BRI N F Bd H 24T 70 R o0 IHLEL . —
AT LA 24 TAEX, B TAEX A —41% 1. Sl F s 1S 5y TAEX
W7 WA ZATAEX, il U e al LU A2 3 o7 i, A Epe—A
E STz B S 1 DX B R ) “ RT3 T PN & RS I, NoR EAT 1 BB %
ANTAEDR, Ao G f s LB, PR e A Y HH 7 10

(5) AN Cactivity overview): i B 5 LM RS AZ BN, Fd A /i) “i%
B S B A S )4 20T SR WAL o v S VA O T IB AT RN AR S I A )R
LB, Slak e P e DLAR AV B A s T i L, SRR ST A AT RN R
TS NE AL W R LN SRR

\B



B/ Lo RIERGUG, RIS (38 e i)

~—~—

o Dash £%: {7 FRLE LM, A7 5 TR E AR AT I N TR e () AT
o HBERE: MTHME LT, HTFHEREOSNH. #RaHE “ M~
(as-you-type ).

o REWIX: {7 FRERHE X, FF SRR N A

BEVTIR N2> 2R, BV RSN AR e . e TE N IR B DB, e Y
AN AT TAE T A N 1 gang ], e ik A TAEX G ey, Bmas
TIA M TAEX K4, WL 9-11 (b). Fdi— AN K EL T AEDX IR IL0 44 240
& B F LAEX . fsh—A% 1 2 TAEX ERUar s AR TAEX . TAEX
BB A RS sh A M 0K . %y Dash #2811 K] RS FE R B 0 F2 e 4k
W, BRsHRETIA CLEMN R, WA 9-11 (o). BN IR ER
KT 2N H A .

3) BEIHEREE

FERRAE AL, B TR AR A RS, GNOME b 5| A T — SR & I
T SR E Tk, WEAR T3, $REMESE. S35, GNOME (1) 5 (il S <t 8 i i 4x
Ffr. B, FBEAT DA ) AT LA H R AT B, Bl 2 %E ). BUR OO
EEA MR ER AR B2

PGB m, EEERRE TR . BaNAERE, s b
PN R A E 0 o A AT BB iT LU LA T 5 R, B s, RN, i
KA Pl IR . R, Al DU 4 e O AR DR AR e M /T AR
M. 753 N FE R A3 & N A] A B R TR E 7 HbR. LU 2 JLA
AR

o AN BEATEEYE, 7E Dash A% 5N R R E N b R e I T IR PR b

o B RANILIRT L F RSN R H Rl i e KAk, R R R R

o U LU/TAEX: % Alt+Tab i, sREEAG DY, kb s 0/ TEX.

o AR HEUN T HEAGRSIBER S, EMES PR AR T

o ML FRETIARA M s, 7R e A ORI

9.4 Linux 25 iARENQ

AR EAE RE MR D o MRS EORUE, RETMHTE X T HRAER G
JSARThTE, A RGN P DIRER L h ARG AT TR, Brel, AR T 1
AR M HRERE, s EAE R R GRS RG], KRS — D RHEFER 5
PR S o

9.4.1 REFREOMER

RE RGN W AZ R W5 2500 M O g5 M AR 2e s, Arle iz E O &,
P 3 FE, F5 Shell. vi. X Window 28, #HGEERI A& a7, XM PREI{E
T RGALZ Rk A R 3R 1A S el e ST A .
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ERTERZ AT, BRI BT — 2o S R G U IR, Alnd T IT. K
PR S SCfF, T VO fe5cE . XS8R e L RVAAE - P T e kil DI s $liATiE
TR D) . R P R G B SE AT AR T A BETE R TR, WA 2044 N ke it
[P — A LN AL, SR TR YR R e BT 75 I D R . X eI P R R F 1) N
PRE L RG] (system call).

FIANEE DT, EEUEAEE S, el LLA R B, P r 2R, S
BRI, ABARAT VA H B L BERCE, o eBUE s E I E P RLBER. AT
EH A E I, E R e A S . BB LAEN RS D s Sk sE ik
LM B TAE. MT A LA, BEREA L TEERRBURE, AATE 80
MUE B B &M o B TAREIRReBOIRTS, HAeFEAT FRIBRIAE B N iE ) .

A ZR G0 R U In] RGBT 1) T2 22 H (14 1 IR RGEBEURI N AL 2 4, $éi
DHUEFI . RGWAR A —MER TR R, (R A DT ERIE RGN
IEAERIA SR A5 /) . X E S BIN AR — 2, AL THH
FUPEE AT ey B S R HARER B3O o DA RS B A R A — .

9.4.2 RGGIERAEONARN
Linux [ £ 4t Vi F 22 R 4R g F an e 9-12 frs.

| K7 FHASFF | }
ChiviE L e
B l
i
S
4 f <
7ol | [Rgmm | [RoEd || mksm
5 B | | BR2S B2 W% BfEn
P __L

9-12 Linux ZGAREQTEE

1. Z4ARRE G

Linux WAZ$EME T —4 T2 &P R G INRE M W AZ s A, FRoh R 4 TR 55 1 12
(syscall routine). IXLE %R EAE 20 L 5800 C sREAHIR], oA U IEAAH R, 3
BX T TEMsiT 08, BATU M RE TR AL

Linux FIEANRGHA RS OIFREA — NS, RNENZTRE T KRR
7 sys call table, FRAF T %5 RG0S S A0 L0 R [R50 R (1) N 1 btk

2. AGiARAIEREF

RO LR E RFEMHBANEIAN DR, ool /4 HHIRK S e
% B RSSIRE . SERRTEEHAT RGN, L RGHAH S A HZH4F N CPU % 1r

N5 3}



B/ Lo IR RGUG, RIS (382 i)

~—

&, AT AMEATE SIS EA R RS R HERF . EMEFSRIE RS TS
TERG R P AR NSRS, RIGTHHERAT. RS HIFEAT 45 AU A2 [a]
—ANREHE, 0 KoRp, ECK R . R0 AR T IR BHEAE N CPU &
fidm, RIEPAT—MREFES, REIBH ) 3R

3. AGARHRERE

5 N RERFIN,  E3EI P ATE 2 RPAT RGE T L8R . FrlA, Linux BN
Bl et T —E R 0325 m 5 (wrapper). RGHHEEEREUER C FEREL
BB R RG], AR A% 19 R Ge i IR 51 R A A B R 23 Te], - Ry
FEITHBE A . N LR S E C P P S TR R, B
HRERRECR TR G T B SOR P FR AR E, AR 77 (57 4 S AT R 48 VA ik 55
LT o

RO RS RS IR — X — B0 R TEAMX M, &
TIHB AT AR RR A R GE T o (B I R R o T U i R e R Tl w2 3R, RIFERE R
HEATH RGO B3R E. R4 7 2L, P IR0 B DG ARl A kg5l
(144758 RECAFH 44 0 “sys 7 T4, W1 write() F2 Ze i I (1 IS5 91 F2 44 A& sys_ write()-

4. tREEERE

RGPS T RGN EATIREAE, (MHGFAEE T LRI C brifErE s HOR
R C EEREUER R I8 a2k 5 AESE, S5 RGEIMHAZ X
—IIKR, AlleRyIHZANRGEWA, SUT —SBAMN TR . 440 printf()ef 27|
T writeOREEH M, FIRGESR A T A& AL D RE, i A& SR N7 i

ik F B TE SR Eemr, ZR 40 F A 55 9 R a0 A LA T I P 358 A N B3 o A f] % ) LR,
A EHE &N ERE . RGOS T HEG LR, i
PP A PR A S5 FRE L, FRIRAR S B N BB TAE N A BE T AL B 50 I F 52 oy
B ) e R S5 A DL, AEHE & R BEAN R ) AR 5%, SR ] B e Ak 5%
HIE L B ek B R I g N 1, A AT R D A S 7 P AR B IR 55, 48 T LA
(g g3 SNIPI ST I [ S S

C Fr e bl 2% LA B Z2 G A Y St 2 pR B0 e s M9 RS T Linux 23 ¢ 1 W H 9 752 332 1
( Application Programming Interface, API). M 9-12 HHrl LA, W HIFEF AT LA 3 Ff
TR RGO : 2 ChrrEm s, XM, =2 RS —2
ARG E R R, A &R C RETH, B REA R IR RN, W EH
ARG = RABATESRBANE, AT EHE N BERAHRIE R, 2R
AN TRERGH MDA, Bk, 5 =07 AER RGO T, B i sy 2 k2
BAFTF RIS A AT R 3

9.4.3 RFIPAIINEK

Linux REMAHTERZ T H4kA& T UNIX (RS, X8R G010 HHRE T 4 A 4%
Ve, v s . Ak, Linux 0 TiF20uk. ©8 %7 UNIX 24T S04
MRGHH, (R T BIEARRSAT I . 9265 b, Linux $24500 R 4018 H HGHH



BOB5 RERGED

ERERGH R L2, M BT R

Linux #t Wt 7 300 2ARGHA, B0 HAEN LRSS %5 € XA
fust/include/asm/H 3%  [¥) unistd 32.h Al unistd 64 h 3CAFH (AT 32 M R4, 5
& 64 LRGN WFREMEARESSS FISEIARD. HEEK, XERG WAL
ekl el R LK.

1. BEIFEHI

UEFEPE IR AR G F H 0 ERE A T4, BV RE fork(). 8 1EIERE exit(). 55
FRIEFE wait(). HHWUE exec()s PRFHEFE S getpid(). W ELILY setpriority(). nice()%F .

2. HIRAER

RS R RGO A TAEERE 2 AL 8 SIS S, Wik fE 5 kill(). &
{5 AP 3% sigaction(), KT B BAFI msgget(). A i%TH B/AENGH B msgsend()/msgrev().
B IE pipe(). G5 & semget(). AE(S 5 & semop()2%.

3. AFEEE

WA B2 A S0 Ui 56 N A AT B8, el Sr /i o N A7 S mmap()/munmap()
AR EE BN brk()s TLTH A/ 8 mlock()/munlock(). W72 475 [Pl EE sync()% .

4. XHRGE

AP E R ARGV R TS0 H M & 24T 8 E, W4T AR/ 5% P S0AT
open()/close(). /5 L AF read()/write(). 748 AR/ F chmod()/chown(). 7% H =&
chdir(). HES7/MHFRHEE link()/unlink(), S HISCPHITIE ST dup()s SRICCIHS B stat()5F

5. RigpiEHlE

REGEHIERG A TR E SO R GRS LN E, R 3 E RSN
time()/stime() FLHT 15 R4 reboot(). SR/ BEE L4 gethostname()/sethostname()% .

6. Hihz

HAb RGO THTMEER, EEiEh. PSRN R4

ARG R GV F T A8 & AR (1) man T 5T

9.4.4 ARGIFARANKTIERE

FGEA AR AT b2 R P i SRR A 22 400 A R 58 I i s T R I — TR R 1 ot
FEPA, X AR P R AR AL B — R s O AR AL, (A A AT A . B
BN SEIRBITENE S, M RGRHS5IRIEITENE . Fit, RERHHE
R RINTE 2, B I RN D)% CPU 117k,

1. AEARES

RZHEAM A LB HEZMRGEFHNIRLS I, FEMERVHREITER. HA
g4 MLhE, AR STl M T 1A R M. 7E x86 224 L, B NAR H ARSI 5
AW, —RAMESK T TR 4 int/iret, 53— M2 AR RS TE 2 sysenter/sysexit.
7E x64 22k I, RGP H 1454 i syscall/sysret.

1] x86 S R AR & T i 4 int $0x80 SEILMT, E0Ff k128 ‘5T, B4
AWK, WEESERE R iret $8 2R M o IXFREAR I PG A WAL I R T e 1y

\vB>
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Linux JBERGEEN ., RIPSMWA (56 2 k)

—RINRF RS A, R U (P M . A dX AN ), BT x86 CPU H 1 i 1 4k
RS54 sysenter/sysexit. 5, x64 LK) CPU 'S T HE RS THHIES
syscall/sysret. IXJ47AF10) KRG H MU s EdAT T, e T RS AT IE
o RACHITT 2RI R CPU o ) — 414 R 2 748 MSR Tilf7 4 H bACAD A HE R 1) BaZe 4%
TF R da4 Hahl, M8AT RS, sysenter &Y syscall 54 FL K MSR 254725 1 I N &
JEN cs. ss. eip. esplrsp S AEBER, GATLLAF CPU IRA ALEED SR XL Btk
Ao HFUIHEPRERS L R oE X, M e TR BUR 2, ReRa KR 1.

HET, 2.6 251 Linux WAZHS CSCFr R R 4E 84, x86 L1 32 {7 Linux
F G H] sysenter/sysexit 54, x64 1) 64 1 Linux R4 NI{TH syscall/sysret 54 . 4
TR RGP TR, WP T 51 AEMEIE S I RG LR, Wi
FACHS AR [BACAS o ZR G0 14 FH Jf 2 R B BB R AT wsyscall A7 PN W .
vsyscall 18104 A BEFERA T, LU A& Ge0 H 1EE .

2. AR HRERE

IEATRE ARy SR 1) 55— A ] e S B i 1K) o BR B0 F 7 240 F ok A 3
BRI AE,  F P A i R R R AT R A2 P b, R AR ) e R AR 1)
WAL . (ARG 7 )G 55 T Aasi T, REEAGEAE M Bt AN REA T
Btk.

RGN, WA ZEGENIS CPU M AFa KA1 . /e RS20,
WHSEWES N CPU 378, 10 x86 R4, RGP ST eax, SHELNF A7
JAE ebx. ecx. edx. esi Ml edi H'. HEAWKIG, FREUAHIAL B R a7 85 P 24K
AW, ISR NN AR I 25, RS 8T . ISR R Bl
R RSB E IR MEFA eax T{Fdr, FERMIF &L H P 3R
x64 CPU A7 L T, PRl LU A B 2 37 d ke 2 5. 1k x64 R4
RGO ST rax 1, 38 1~6 DS EAKIKARAFAE rdiy sty rdx. rex, 18, 19 1.
ARG RS BIRE AT LAl I b, MR BN AT RS E, ErEsiies T R
PR

3. AGARRMITIEEE

] 9-13 LA x64 F4¢ 11 syscall/sysret J7 244, Hidk | writeQ)rR EUP AT RE . AN
Hh AT LR B R G BT IR .

3 B
CH R FEH e e FOt M b EAR T F T AR Gl
main() { @ﬁ@, write() § / entry: ﬁ‘,}@’ sys_write()

T~ :
write() /%? syscall ®< ;;s_writc() % |
@ e ,@ vee @
} \ } \%’ sysret \ }

Bl 9-13 FGgEMRIMITIRE

&




BOB RERGED

2N 52 o R AR ] o ) 22 AR R SR A B, XA RG] R AT LR
LU

(1) N AR E N A EN R, EfiR write() sk Ok 58 BOX 1 T
Yo write()s— N0 SO S NEUE W R ek 8, 0L CHNATT fd. Z2ppX
Motk buf F1 1548 count. X5 — I I pR £ A -

(2) write() R K JLNFE R S0 23 A & A 2 E R e e P AR, A
QARG S S (64 ML RS L writeOM4m'5 0 1) FA rax Zifrast, ¥ 3 N800
AAEAN rdi 1si Fl rdx A A, ARJEHAT syscall 154, AN

(3) syscall 454 [z 1E J&: H MSR %7 7 2L BB {H 252, etp. cs. ss. 1sp 25 27 f7 4%,
T NIEIT I . 25, eip ARG LML, ss Ml cs #710E HNAZEL, 1sp
WFE R %A IR cs HIRRFRIEE T A ring0, CPU CLUMRBIfZ 004, FER4E T —
ZARA T UEPAT R IIN DAEFEAR Y o XA IR th il F 52 BT .

(4) ARG I DAL FE R TF AR AT, B8 SeR 3R i 1 P SRR el s Bk
DA [l A, ARG MR B rax v (1) 5840 i H 4 i 42 0R IR IR 500, 0 00 7
AT WHIPETARE 1 5 R IRSHIFE sys_write()o 1XAE - ME ) N A R 4L
W

(5) sys write() IR %I FE M ZF A7 ds P IAF R I S8, PAT 2R S SCPHERE, ARG
R [A],

(6) R FIFR 0 A FEAE 6 sys write)fF)IR [M{E AR FAE rax FfFash, WAL
T SRS KE CPU BIHATHREL, K F 7 B thl A0 205K o] (1) $5 2 s bk A& 45
sysret 54, HUTZIELIEH .

(7)sysret 152 (18 VE &0 Ve 0 H P Bl fids 4 Huhil 23 BIKES rsp Al eip ZF A7 4%,
¥ csy ss BWE M BB es HRRARZ P ring3, CPU UM E|H] )7 A, az[m]
F| write() pR 2 XA R AR B4

(8) write() R AN IR M| fAL 4R 21T . EE B FAGT CGEER (2)) fRIFAET)T
B LA 2 A7 8% o BLINTER rax A0 057 7728 A0 A2 2 B BT IRPIRES, 177 rax H AR 1 &
SUTFHIR M. Bl S writeOM rax 747 eSO R IE, B PRSI [ B R .

] il

9-1 MR8 1 S BRI R

92 AFAaRAEN? VIR A AT A B FIX 52

9-3  Shell [ EZINRESLEATA?

9-4  Shell iy 254Ny A T X 51 2

9-5 X Window F4 [ & EAF ST 42

9-6 R4 “X MR “XE/7 “X UL 115 X
9-7 AFAREH? —AN% H MR 24 R ?

9-8 T LIEHIEY. ALHMABIAE REHEN IR & 2 A2

v



Linux JRIERGEEN . RIPSMA (56 2 k)

9-9 fijid Wayland ‘T 75 R 40 K 420 S50F 2

9-10 Linux REEIIMAT HEMIATMELE 2 FLB ROV R BT HH L IR L 1f R 4

9-11 AF2aRFRGIH? RG-S M) eR ZCR AT WX 5 ?

9-12  Linux [FRZUR A FZ 50 L2

9-13  x64 RGN IRGWATRAZATA? RGNS HORIR [BHE L e f& 11 ?
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Shell #E£Fiit

Shell & M SRR, MalLIEER P S ES NMES. /7S Shell
AEH I T NI A AT 2056 Shell 4y & FITEVEAIE SURYE, A REUEHE Shell B A# FHh
17 Shell Fiffi F (X Aldn A5 S 80 Shell 155 . BT &1 T (1) s B #62 3E+ A
AT BT . 2R, Shell 1 5 MR —Fi 2 BB S, S —Fpnl guf e
SRR S AFE TA Shell iy 24T 5 N —A SCAFEUMI R T —> Shell #2/7, & 7] LL#% Shell
B MR IFAT . T Shell 1535 %05 11 Shell B3 7] UME &R A8 5. ZEOR2 145 ok
MRS FE, HIMbH e P B A B T AE .

Linux R4t 12/ T Shell #2)F REM ALKV BLE . SRS THE. H
I, AR Shell 5 nl AR R A PR RGE WIS AL, 50 A 20 A B R
A5,

10.1 Shell i& 5 #iR

10.1.1 Shel i B=M4 S

5 H AR FRE S HIEL, Shell 155 HAT T A

(1) Shell j&—FfReMEE S . Xgidyl, H Shell i &S MRFASiF, ATLULE
Fzrh Shell HFFEMRREPAT . MEREPETE 104 mURDE T 08, T DARRSRENH . (05 9R it 11T
&P HRERRL, RVEE S TR IIs Tl s R — L,

(2) Shell AFEF ARG . Shell PURMARFdAbBE, AN SCRES 2% 0k 450
FUZET. Shell [ A A 455 77 X1

(3) Shell Jfir 221k o Shell /5745 Han & M AL B4l %, JL-FHT A1) Shell
i A ARl AT FEFE S ] FH k4w S Shell #2F¢. Shell #4105, A M4la el |
IrE . FTLL, PRI 24l A TR RN Shell F2 5] LLSZEL & Fh & 24 ThfE -

FANTEBWINSE, ANFERA Shell FEFFANEAIZE, 20 nl GE2 A5, tnlfe
W R AREAERITE bash [4aFE, N Z, WEMEBIRE .

10.1.2 Shell 2/

Shell #2572k &1 Shell fix 4 AEEARITTRM ISR, WPEA Shell A
(seript)o fij 511 Shell #2777 AL UE—ANr 2741, 2% Shell F2)7 rhid a] LUy, 5 52 2% (1)



B/ Liox RIERGUG, RIS (352 i)

~—

A, EXBSHBERAG, R FEHEiH LRI s gk .
5 10-1 %5 1 /> Shell #2)7:

$ cat hello # hello #/

# This is a shell script to say hello.
echo Hello World!

echo —n "Today is "

date "+3%A, $B 3d, %Y."

$ . hello # &7 hello # 5
Hello World!

Today is Saturday, February 25, 2017.
$

XA hello A2/7 % 1 ATAERE, JaIH0 3 AT @4 EHATILFEFIS, Shell HIHA
T 3 A& s B

10.1.3 Shell BFHEN 5H1T

Shell JIA LA, R A] LA SCARGdR 45 (1 vi gedit. emacs 5) ZE57
M4 A, Shell BIASCAFM ARREARE MRS, WA R4S “sh” 5
2/ 2

Shell JAIA AT H AN EZATELT 3 H:

(1) FFBAAE A rT BT SO T

$ chmod a+rx hello

$ ./hello

FHSCAR Gt 2 A B A AR SO BR DS BT x BRI, AR AN ] AT 1
WY r DAL x BUPRJE, BAIASER AT AR M0 Shell i 2 IBRERE B EURIPAT T - W IACR
TERGAT R 2 BN H KT, W EAE AT Fs e A Bk 24 . LA hello
JRAEAETH S F, 25724900 H AR RSO R E H /hello KIZ1T, W BEHUT
hello B r],

(2) Jazh—A Shell T-UEFEARAAT BIA LA

$ bash hello ##, bash < hello

PAT AT 24T, Shell #EF25E)H 20 A~ bash T-#EFE, 1b'E4AT hello JIA, $AT5E
YE 5 bash FREFEB L. EXF O 0, AR VE N 2 250545 1 Shell [1). T Shell
IEATR I OZ S AT A 7%, BB SCPEAR A AT RR . X P78 FFisiT
—NILABRRASTY) Shell BIAS. a1, 4047 —~H C Shell S IEIIA chello, WA ELH csh
chello %, Ji8) 4> csh FFERIITE

(3) ik>4A7 Shell HEFEHAT BIA LA«

$ .hello $EE .S



105 Shol ekt

“7 J&—> Shell Wikdr4, hello 2 EMZ . “.7 a2 MIhREL B Z Hdi g 3
fF, PATIEA R IR AT 75U 56 2 PO R, IXOIFE T 5 U2 B 24T Shell JEFE
RIAT AR

10.2  Shell $F5KFFF

Shell 5& X T —2eE0R 1045, FROMICTTT (meta-characters), ‘14 Shell 174575k
(1175 Mo Shell FEELAMT2AT )G, BHNa AT HATII, $RH 0 A0 AT AH I 1) 5 4k
AR, DL BT IR PR E S BT U5

Shell [ 7CFAFEFE O BCAT  H A 5 ) RSB R R i AT
i tr A A ST e U5 1A s X S A 7T BE RS Al Shell [ ZhRETS 2 78 0 K
. DL 2R i SRy ik 1 10 5 ORI A .

10.2.1 BEHF
RS FHOA AT S0 F 4550, 24 Shell 7oA 130T B F 40 B4

SO 22 ARSI, B 24 A H b BT SO Sz B AT VLS, I T VEES SO 4 4%
BSHP AR 2R 10-1 B 1 I RO A

F10-1 FHXHRZBEERT

¥ s % R & X
* VCREALF A4, RS 40 o
? VERRAE f] 8 7
[ VLR 65 P9 51 S A 74
(74 L 2] 15 2 A ILRE 4
[FF86 7455 T 1] ¥ LR 0 7 F
! [F44] S AR

) FH JE O A5 SR A A SO S H0mT AR 2 AN SO AR B AR - 41 10-2 7R T AE G
FFRIE I SO PF 2 WS S 44 Z TR VLS G AR
5102 JEBECATIIVCECAEH -

zip* EBR VL F4F zip FF4E094EIT F 45 5

*zip B F4F zip 2 BT T $ ;

rc?.d B VA e Frds . VA d &R, PRAEATENFHGFH S,
l[a-d, %, V] ERSFHHa, b, c. d. . ¥;

[1Z] e NP ARG B e o

[a—f]* EESH a ®] £ Fke9FH$, dmabe, d2, e3.c, f.dat;

*[10] IEERA O 45 RE TR & .

N6 3



Linux JBIERGEEN, RIPSMWA (56 2 k)

10.2.2 WABHEERSEEF

i N\ S E ) R TEA [ 2 SO A 4 R B AN B H A5 . 2 Shell FE 1y 447 &
B N i B 1] U TEATIN R0 i (K A A A SO AT Y S L SRS

PATA S 3 10-2 ZIH 1 F R4 A\ g B e ) A TE R
*102 EAMNBANRLEEERSEEN
s B X a2 X

< <3 fF iR TG S

> i >3 PrdtEde H EE 1)

2> 4 2>3CfF Pt 1 HH A E )

&> i &> AT PrvfEs A I 5E [0

2>&1 4 2>&1 XAF Y brUEHE A A T bR e i h
1>&2 A 1>&2 XAF Y brrEdin A I BIbRAERT SR S
> iy >>3 A bRt B D E 1)

2>> A 2>> 301 PR 1% HH B = e )

<< i <<F 1 here SCH4 € [1]

| e | fd (ER L]

| tee e |tee AT | WA T B iE

1. FREMANHEER

“<r ERMERINEE MAF, CEBARMERIN stdin FLE W B AN 0ME. “S7 bR dER
HEE NS, TR EE B T K R EE ), AT RAETF
SR AN AT fd. stdout (1) £d S2 1, stderr [ £d /2 2, FTLL “1>7 Fonkrkdiih
LR, “2>7 FRopbrfERR R W RAEE 1, BRARGE “1>7

5 10-3 ARSI AN infile SCHF, ArdAESTH CON outfile UM, FrdfERS R4 H EX
A errfile LA

$ myproc > outfile 2> errfile < infile

2. AHEEMSAHEEM

“&>7 JERRUESTH G I EE A, EOR AR AR SRR R A e ) 2
B " SN A Y TN R B B A N S Y i = B | B R R T
e FFSMIRTE & H—A fd kR 7. “1>&27 80 “>&27 F£oxf stdout 5
I3 stderr VitH: “2>&17 Fn¥ stderr H {3 stdout i .

51 10-4 K5 br B HATBRE R R 5 R 2 out ST

$ myprog &>out
B 10-5  RpbrotEfa H il 2 out SCPF, R brvERT b H O A BIARHERTH

$ myprog > out 2>&1 +F 4T myprog &> out



105 shel f2RELT %

5 10-6 K FrAEd H IE PR UERT RS R -

3. FINEE =
> EbRAEG BRI TE s 9 5F e N bR AES bR e A e R ) Ay U e
o) B —A30F. “1>>7 B “>>" o stdout B INEE ], “2>>" Ko stderr B DN & 7] -

{5 10-7  {.bash_profile SCAFIF 2B Il—AT -

4. here 314

o< PUREER I AR ER N T E W HLEL, PR “here SCAY” (here document). here
SRR AR o “<<EE FARIE F A &7, EIEE TR R Shell KA Ay AT JE T A
AT 2 br e AL 25 dn &, H BB RIA W br il 7R R oA k.

51 10-8 here SCRY T ]

here SCRS 3 HIZE Shell BIA o & SRVERFBAIAS o B iy 2 IO bR HES A\ FLER S 7E iy
RATLZ)E . XK, BPAT BN A AT, EAHRFRASERIA, A FEA SR (here
SR HESRIUGR A AT AR, 1 5] here-doc_test JIAIT .

5 €8

“I7OEETESR, ERET i ARHER AR R S IR ERI A . ] tee” X T B
EIES, TS HARHE R AN SO, MRS I ar A E RN .

5110-9  Fi/dev H % FIKISCIFFFRAL A0 e e 0



266) Linux JBIERGEEN . RIPSMWA (56 2 k)

$ 1s /dev | sort -r | more
51 10-10 K5 — ST B H R IR R A7 I GE it HAT L

$ sort mylist | tee sort-list | wc -1

10.2.3 L HATIEHT

2 AT TRl A aT 77 FRan Shell W[ $ it 4. & 10-3 7
Hh T P i S TR R
£103 EHEHGSHITENN

F = % M E3 X
A1 a2 WG AT a4 1 Fl w4 2

& !:” /—E : AA\'I P LI I-“ AT e A 2:

&8 BA 1 &&MEA 2 Tiﬁ J ,?ETA A 1 AT R E A T S
WA AT 2 2

I ah 1| frd2 CERELHAT . AT A T AT AT A 25

N Y TMARSEIAT T 4 2
& me& Ja AT 4

1R
“ RIBERITHE, A A BEA G S AL £ —ir 247, s Shell UFHT
sy 4,
U101 ) g, S F R B 4R RS T

$ ed ..; pwd; 1s

2. FHIT

“&&7 ST, ERMADERE AN mLA S e T, $iac Shell K
IARAT X Ly 4 H RN RO ke “))” REEAPATRE, eoRH sl A2 4l
FIE—rATH, 4843 Shell KAATIX L1y & B FIFAfr & B A 1k

Bl 10-12 5 301F filel SiHIF) file2, Un ARy MIMIESR filel :

$ cp filel file2 && rm filel
B110-13 K5 3CfF filel SiIF] file2, WAL ks filel :

S cp filel file2 || cat filel

3. RAaIT

“&7 EJE BT, B Shell FiZir S MAE S AT, E ST AN H
2 5P A H, E Shell fEAT G & fir 2 5 A DAL R B R T .

f510-14 7E)5 5i81T yes i, EFGmit:

5 yes > /dev/null &



B0 Shol ikt

1024 GHLEAETH

i 2 A AIIE 3R Shell 2 N p 4G 7E BHAT G H I & AX iy
A4 — TR, WAFIE. S5 RET A .

i 2 A G IEAAT LA F A L S5 PO S k% )

{4 14 255 )

(4 1; 4 2;)

PR A TR BI7E T R0 & S 7EAS Shell P ATar 4412, ASIRA B Shell T3
T, A HAT IS S50 /T (1) Shell 355 J5& & IRAE— 80T Shell HEFERIAT
i He, AT I &5 A S 1~ Shell 3487, AN2:5Lm 47T (1 Shell FA5) .

5 10-15  7o)a S MFHATP A 2, 5 2P a Bkt iR “Tea is ready ™:

$ ( sleep 300; echo Tea is ready ) &

5 10-16 P91 4 0% H % 2 mydoc. mydoc (K155 1 477& Report, J&lfiAe file (1)
g

$ ( echo Report; cat file ) > mydoc
f5110-17  GEvk A 2 TR AT R XN A R A A H
$ {1s /bin; 1s /usr/bin; } | we -1 $EE{UEPRE—ANGTLEHS T RS

Bl 10-18 PS5 1T T

$ pwd

/home/cherry

$ {cd book; pwd; } #H K Shell #BEPITHF 4K
/home/cherry/book

$ pwd

/home/cherry/book (A shell A LA H FRAET)
$ (ed ..; pwd ) A —AF Shell SbAZIMATH AR
/home/cherry (FatfEa HaT B LM E )

5 pwd

/home/cherry/book (A shell #AEM BB FEAT)
S

1025 LB

BT, AR & BT TR IR R 7

T
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5 10-19 2 R I TV

$ echo Today is “date +%A° ##%#J5H echo Today is Thursday
Today is Thursday

$

Shell 7EffHTIXA 1y 247 I 38 2 1y éﬁ , THEEHAT T date M4, HIEIEIHH
T 5 date A A FTTEIINLE, SR AT echo AT 4.

10.2.6 Hftht=FFF

4 10-4 FH T HAR LA S FR 74

F104 HibwFE

% o= & X

p VEREAE, JLJTI0 A 2 s

5 At A

7y A, A%, RS H
K AT AR A

B T A AT ICE 40 W, FI 45755 Shell 1R RIANR 4 523 (1 24 GET L S50
“$” FLFEMEREAE 103 WA “#” FRH TR, nﬁ%ﬂ@%ﬁ%ﬂ%§o
51 10-20  fF FIVEREAT 0w A BEAT U -

$ echo hello 4 say hello
hello

$

10.2.7 TFHFHEIH

TG AT I R A6 7 SO AN JE & R AR 7 SO, e 250 5 IR e b AT 4%
SCo HBR RS X o 2 Shell EG RN, BRFAZ G AR EE A 74 5 1 il
Ao WIS IATAT 3 Bl BB SCRF BS15AX05] 5. 3 10-5 ZIH T Ef 18 X

F10-5 sSIAT
s & X
\ B SCEY, T BRIL S T BN T2 A R R 3

e RS 5 K A TC IO A X, RRERRIOFRAS. ™\
RS SR I TR (A RAN) RFR G, RISES] S A 1 A 2 AR

5 1021 T AT R o

$ echo "* is a wildcard." FIH > TR AL
* is a wildcard.

$ echo 'The prompter is "§"' $7H B 5| 5 F A 64 2R A 3L
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The prompter is "$"

$ echo "Don't do that! " L R) o BRI R R T
Don’t do that!

$ echo "Name ID Age Class" e wE A AR R AL
Name ID Age Class

$ echo Name ID Age Class # AR U0 = Rk A AR 5 Re AT
Name ID Age Class

$ echo \\\* §5% 1 AMesh 3 MF ARSI
\*

$

10.3 Shell T£

Shell #2041 & SCRYE AL B Dy g )™ AT LUK — 283 T I 80 A7 JAE Shell 425
iy FFEMTSAT S AR LR . (AR R AT LUE ] Shell (9474, J7{i Shell ({5 HI A
HFE.

10.3.1 ZEMEXS{EM

A R AT —A e m, AT R Z AR EE . Shell ZAETF1F
FGFEE S, Shell (22 B BEAF A7 A3, (A Shell 22 8 AT RIERE, B 775
MIF A5 B 34

1. EXEE

SE X RN SR R R A 2R . RN A F A DA BRI 2 TF Sk, AT RLEL
R, Uy AL, B, userl. birth day. time #ABJES5VEMAE R 44, 1M luser.
birth-day WA JE o £F Shell Hv, X728 & (145 S5 AR AL [R) B 58 By o 1006 ] R FH w7 5K,
B A A Ay 2 HER(E, A read 2 M2 ARAE . #&X T

T 4L=FH%
read T2 L [EE4]

fl10-22  FAREIRE A2 E LR

e

$ nodehost=beijing.WEB FEERMAS "="ADRER TH

$ user="zhang ming" PR FHEPEAEH, LR THEFHFER
$ path=/bin:/usr/bin:/etc/bin

$ count=10

51 10-23  F read iy A€ X3 MR EA NG

$ read usera userb userc
joe zhao ming

s

D
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AT % read &I, EHELET AN . TS RN EERA D TR, B
] FH 254% 43 FF

2. 5|IR%E

FIAAE R ISR AR (AR D, BiRER AT I E. SIHZRERNTEZ
TERELZRNGIRHER “$7, kAl F:

SEESL B S{ELEB)

M AT ISR, Shell #SERICR I 500 R AR A4, JFREILAT
SRACI . 258 AR AR RS, ) Shell $6HES T 1507 (1S

B110-24  FEdrShg| AL G

$ dir=/home/cherry/cprogram

$ echo $dir # £ 74T echo /home/cherry/cprogram

/home/cherry/cprogram

$ cd $dir/hello #5747 cd /home/cherry/cprogram/hello

$ pwd

/home/cherry/cprogram/hello

$ echo $ dir $3iX E Ay S A8 F A

$ dir

$_

7T echo i 4, Shell ZEiR 3 AR R 44 dir, SRJGK I dir (48, B ESdir (1967
B, A AT echo. AT od i, Shell tiJ2 1R A AR B4 24 dir (P24 S )
“IT FRFAER B AN AIETR, Ra 5| SR ENEERSESET S8 . 511 echo
A, SIEHE AR M SVEN T RS, BEULSHAE S0 E AT

FE: ke X TRGAR AN E. HEELERMEA TR BT ET
[T P I e S R R R o

i 10-25  5|FAR S Ak

$ echo $dir 1 #dir 1 EEAEL, EFMAT echo
(=%)
$ echo ${dir} 1 #5: [F#LiT echo /home/cherry/cprogram 1

/home/cherry/cprogram 1
$ str="This is a string"
S echo "$§{str}ent test of wvariables"
This is a stringent test of variables
$ echo "$strent test of variables" #FFR#4T echo "test of variables"
test of variables

$

3 EBEHETS

AT BiE AR ER G, AT LU readonly fiv &K AR B O HBEM, A% WF:

readonly %% [EE %]
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5 10-26 Vo H A

$ readonly dir

$ dir=/home/cherry/project #24 Rik E 22 TRAL
bash: dir: readonly variable ( WAE % )
5

4 FEETs
1 unset Ay 2 TEERAR . ERE AR AR A AR R, 5] DK B2 P4 R
R, HurB s R AGEHERRT . unset Ay 2 AR 1 F -

unset T# 4 [EE® &)
5 1027 {55 E:

$ unset dir
S echo $dir

$

10.3.2 ZTEWEMAE

At AR TR TR AR Gt w] AR S | T o WA AR 5t () /E Tk &) 43, Shell 22 £ 0]
DAGr AW, ENAHRAR S0 G AR (AR il R B R A R ).

1. K&

FE—~ Shell H 5 L2 S BN AE L Shell HAG R, gt vt e Mm1ER- 2R
HBI o XA AR A AR B A AR UYEA Shell 152 3, 16T Shell HHRARAELE .

5 10-28 A<l AR AR T

$ dir=/home/cherry/cprogram

$ echo §dir

/home/cherry/cprogram

$ bash #HEANTF Shell

$ echo &dir

(ZFATFTEETREL)
$

2. SHEE

Y Shell PAT— Mg 2 BUMAKS, ElH SURAEH —AS TR, Bk TR AT
Ao TERZGHT, AT E Shell ARAN FHER P WA LUEH], Xa] Ll 5
(export) #fE, i Shell M7 RALILE IR, FHIEEL FHEE, ©5AMAE
X ITE T T AR DA TR S A, A AR R AT S MR B T
AfefiH . T H R4 export, #EAAWIT:

export £ 4% [EE4-)
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—

4 Shell (1] FHEFETTARIZ AT, ©4kK T 1% Shell EFEI 4B T AR, T T
A LMET AR ACR AR B IE, (B EUIN A AR R AIART, AR TR

IUEIER
511029 AR RS AMAR BT .
$ name=Zhang; export name & L5 % F name
$ title=Dr.; export title PELFFHEF title
$ greeting="Good morning" #Z X L F greeting
$ cat var test

name=Wang

echo "$greeting $title S$name!"

$ bash var_ test #$/£T shell #3 A% E
Dr. Wang!

$ echo "$greeting $title $name! " #fEA Shell PIRAEE
Good morning Dr. Zhang!

$

MAAT var test [1]F Shell JEFEIWFTH v LA H, T IERESk K 142 Shell JEFEITIPIA™
SHAR T, (HEAA WA A A & greeting. 76 THEFEF BT name (118, B
i g AR LB MY title B S0 5 AZEFEAHIE; name A B H BB greeting e
M AE X B G —A echo iy 4 W THEFEX) name (& AN 2 M A FE ) name 42
.

H export x4 AP O3 A8 & “Wml”, kAR -n &mi. filf, %1% name
AR AT 1] export -n name A4 IR 128 AR NI A AR B, AN FEOA TR AT .

10.3.3 ZTEMHE

FR¥E g e 7N IARIE], Shell A& AT LURE 4 328, RIF A AE, K4 E
U RAS B, $4 A F IR AN[F], Shell 48 B ST LUy b A4y B 15 S A B2,

1. ARPTE. METESHKTE

FH P78 8 P 0 SEBEE AN T H i e A8 . fldan,  FH P aT LR —AN H sk 11
BRI ANRET, EMAT e LB HiZEE, MK, w
i 10-24 Froc. W42, H ) ARE T 200, nA e, DER T LU AR R S,
LA T AR AT H .

BT A RATIE LA E, H1T 4 Shell 324G FIZTHBE(E Bl BRBE
x5 AE Shell (1A 3h3CHH, Shell J32h5 X 8725 B ul O A7 7. fERH)S 1 Shell
izArikfEr, HP el EE SRR R, Bel DX EEREU SRS E. S
BB AR HE shell 1) FOEFE4RARAE T . A0SR & XM E 1148 0
10.3.4 5.

e AR f i Shell H o X —4125 &, FHid 33 9% Shell s T IRA& R —LE(5
B, WizirsH. IHES%. fFPRs e A . s, Hoarblg| Xy, H
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A eI, BAGET R EN . AR PRAR R & SOHME R 77148 0 10.3.5 5.

FAAH# S BORE TN set v 2 AT LA @7 Shell [T H 28 & (ANUIEERTE).

2 AMTESSHETE

AHE AR ARG AR A g S I AR BRI AR e, LR A R A . MR
VEFR BRI, dx 645 URETEAS Shell ] o 3 HH AR A0 5 08 Gt () FH 7 28 B N R
BiAr i, X ue G 1) A s E AT DAFEAS Shell SHAET], th AT LARE AL Shell [ r6 bR .
KEHAEE R AE T, H R EARP YU 1A T, T AL SR A
A

—™ Shell ()5 HAF B2 AARIBL T % Shell [ & HATIAEE . FIANH S ECFIE I
env iy % AT LLE R Shell (a4 HATHEL, BT A 103 HAE R, £75¢ Shell iy 44T L
43 W, 10.3.4 15,

10.3.4 HIETE

1. IMRESINETE

Shell HUTRI FHE T — A RSP FEAGE, WAL, HI A, &k
R AEF 95 5 DL A BRI IR TS . X e s B LIRS0, BB R, 3
iR S A AR R Shell (3T HAES

W, RBEAS IR RA T S, Jet) Shell BT EAES AR AR B . At I T LA
FR P 5 S [ A AE B, SR Shell (34 T PAE Rk B8 . REEHANEAE B9 44
PR REN, ST REMM N, AeHEMH. & 10-6 FH T8 KL R4
T IR i

F10-6 EAMNLIMETE

TEH & X Wt A
DISPLAY X BN FiAE X & PR SR B . BRI 2410 57 45
HOME HPmERN | H P EE SR % T4
HOSTNAME FHL2 REMENL
LANG FHMES Shell 1 ] (35 5 %1%, zh CN.UTF-8 A ik, € WFL
USER. LOGNAME |HF# AP P2 5. HAET Shell A By LG 7))
MAIL H P R4 P I HRAA W R 42 4%, BRIA A /var/spool/mail/ #7757
TERM LR Shell i H 1) £ s () 28 7Y
PS1 T APORRF | Shell S HORAF. B P BIARS, Y B b
PS2 W AP | M ANl ATH, JFEATHRAIRT. Bl k>
PWD LHTHR Shell ATAL I 24T H 3
PATH AR ERIE | A7 Shell A&k, 2ABREL PELLE 590

7% 10-6 H1[& PS1 A1 PS2 Z AR AR 2 S i AR &, W LIfFE a4 T 5%
fif .

N7 3}
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2. METEMENX

IAEEAE 58 CAE Shell 113 B0ICE SO, 4K U Jete/profile, ~/.bash profile
M~/ bashrc. Shell izl AT X LR B SCAFESLRIZATHEL . A8 50RUE, XL
B B AR O T A N (P4, £ERE )5 1 Shell $AT I FE AT A B AR . B thmT DA
IR B SR i B Y Shell PABE, @ik A QAR B EUE M R G R B AR S (1)
IKIER

f5 10-30  7E/etc/profile A HH & LIPS 73 B 18 40 5

# /etc/profile

USER=""id -un*"

LOGNAME=$USER
MATL="/var/spool/mail/$USER"
HOSTNAME="/usr/bin/hostname 2> /dev/null"

export ATH USER LOGNAME MATI. HOSTNAME ...

RTHBIRCENEZ NN 1132 7.

3 IMNETE/ER

Shell Jiigh e, F/ ol UL B AR, el DO MBI . A RBTAERT)
EEUTEAR Shell 20l AT, F7EAE BN AT R, W L4058 MUS Bhi S0k

15 10-31 7 Shell 15| A AME SOG4 A

$ echo "Hello $SLOGNAME! " #4£ Bl LOGNAME % &
Hello cherry!
$ echo $PATH # %+~ PATH & &0 % AT{A
/usr/local/bin:/usr/local/sbin:/usr/bin: /usr/sbin
$ myprog HEAT LA AR TFoI— AR
bash: myprog: command not found (/& PATHHZ&H ARZEFHERE G4 )
$ . /myprog e XA IR, ETRA
(#ATH4)
$ PATH=$PATH: . HEAR PATH X%, A A4 HaTH

$ echo $PATH
/usr/local/bin:/usr/local/sbin:/usr/bin: /usr/sbin:.

$ myprog #Shell £ LW A FZTH LB 54
(#ATH4)

$ echo PS1 is "§PS1", PS2 is "S$PS2"

PS1 is "$", PS2 is ">"

$ cat << End > namelist BB E ST ABATH, BrAe4R T4
> Jone Doe

> David Nice

> End

$ PS1=" [SUSER@SHOSTNAME]S " HEB AT AT
[cherry@fedora.localdomain]$ PS2=! #EEUAGAIETHFH)
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[cherry@fedora.localdomain]$ cat << End > namelist
! Jone Doe

! David Nice

! End

[cherry@fedora.localdomain]$_

4. Shell ip S BIITINE

AT 3t AP 7 A B R AR B AT Lk Shell 1) T HEFEGRR AT, S I#I A% T Shell
i 2 AT . Shell iy 2 1 AT PATACRS AT PRFIE L, B RA SCAFRT — 15 i 9 ] AT AR
i, AL, Shell T HEFE 7 RIZAT . S T-HEREIE I U7 i) fiy & BAT FREE AT LASRICAT 56
BATHENE R, BN HAEE AR, K, ) 5 H AR 8 s T A
S0 Shell 7 2 AT HEE, A I 5200 4 AT 45

G A TR I AT RS 5 . AR 7T DL B 392 5 | T B S L AT #4881 2
. C P LLH setenv()H1 getenv() eR &7 0] JL AT FA B TR 38 B,

5 10-32  FERIA U7 ] AT FR B .

$ WORKDIR=$HOME/project/src; export WORKDIR
5 ed ~/scripts
$ cat env_test

echo "I am $LOGNAME@SHOSTNAME."

cd SWORKDIR

echo "I am now in $PWD."
$ ./env test

I am cherry@fedora.localdomain.

T am now in /home/cherry/project/src.
$ echo $PWD

/home/cherry/scripts

$

JAA A I g | T 4 A3 R, i LOGNAME. HOSTNAME 1 PWD
e RGN E, WORKDIR /& /7€ LW AR, SRR T A G A I HATH
BE, VR ATERUT od iy IHMEM T PWD FRESAS & (948, (LI FE o D7E THERE N
A, ANEREMFAE Shell JERE (1 FREE AT & (1K) HUAE .

10.3.5 $HAZE

Shell 47 —4 7€ X Rk AR &, HIhfk L i Shell MuTiEiTR&s 1 —Lefs
B EEQRFETSH WG B HRES . HRERNERLRIED Shell
FIBBCE . XA R A, AR AT L RS R, (AR
G % 10-7 S T LA R Ik

R MTAR N, %107 AR AR STREX, ARERSY.
FIPTRTLLRIS* | S#9 sk S R, (RBP4 1R

N7 5}
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#1071 BRAMEHRES
TERIEX a7 X

$# i AT IS BB
$* P AT Z 80 B 2 R 5 R
"G BT SEARI — A7 45
$@ BT Z 80 B R
"$@" e E RN A e
$i NEEARE, SRR i MEH
$? it A FE RS
$$ A RTBERE AR S
$! BAL—4vJn & PRk PID

1. BHEE

] Shell AL &5 (@2 AP, —Foillid S H AR R U A, ) —Flost 2
AT S ECR AL . Shell 7EMNT x24T I 58K dr SIS HORAE R, AT T TRER
RN, XSRS R B A S ECE R a2 AL T I ) Ay LA R | H X
LA, PRAFHIRKIEITINESE.

ZHRUE R AT LR LA

(1) $#: Wk ST EIN 4.

(2) $*: idxRMAITHENSHL.

(3) $S@: I ATINENSEL.

(4) Si: PRATBEA, S Jidskar 2280 HAR. 77 54%0, $1, $2, -,
$9, ${10}, --o M1, S0 WL ZAL, SI HMLIE 1 MSHL $2 WL mE 24
BRI TS HA BT EER | G>$%) NEATFRHH.

a1 41, Htvi 4 18 44 F) A myprog, 04T I (11 21T A& myprog —s "How are you!" joe jean.
ML A AT, Shell R & MO BEHLE —RINNS TR, XSHCEERNNELT:

$#: 4

$0: myprog

$1: -s

$2: How are you!

$3: Joe

$4: jean

§*: -s How are you! joe jean
"$*":  "-s How are you! joe jean"
$@:  -s How are you! joe jean

"o "

|I$@|I: ll_s "NHOW are y01’1!“ "joe _]eall

f5110-33 7EfE P 5| HESET &,
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$ cat para test

echo My name is $0, T have $# parameters, they are $@

echo The first of them is \"$1\"

$ ./para test How are you

My name is ./para test, I have 3 parameters, they are How are you

The first of them is "How"

$ ./para test "How are you" cherry

My name is ./para test, T have 2 parameters, they are How are you cherry
The first of them is "How are you"

$

$*SS@ w2 AL MMM ZEN, S@IN %S E AT B Z A2 — MR IR 23 B 1
SrREI, S* S SEZ B — N ERAE BRI . fEATE SIS IR T, $* 5@
ETER MR, SIS 181 $2 $3 - HIEWA IS8, ENMNRRBEAR T .
GG R BRATIAER], RSt — ANl A AT AT, BT
"$1 8283 --"s MS@H A BBFFAE S| AR, R S@" A 23 B AT o B 1) 5 A2
BT B R TR RS, A TS S22 e3Y e AT B AN BE S EC AT R IR ()
wnse for ¥, W 1053 49), MEFH"S@" k24, K R A REIE il X /3 H 514~
ZH4.

2. RESHTE

SRR LVAET, NI P AR E XN ST B A E, (AR Lasinl Shell
AL SR B XA .

1) H set fir & B AL B R

F set g4 A LAy B AR 7 e HoAth 2 508 s om kA, AT
set FH® 1 FHE 2 -

b, PRy E BRGSO ERRE. TR AREXS0 WE. XALEARR
WAEIG, ZHCERESH. S@. $*F AR N A TR e .
F set - Al LG BRITAT IO B2 . AN, S@M$* R Mulihhk, S#REH

5] 10-3¢  WEANLEA R

$ date

Mon Feb 27 23:42:07 CST 2017
$ set “date’

$ echo "Today is $2. $3, §6"
Today is Feb. 27, 2017

$

date fir S HIH 1 6 NPT, ENIRIHR KNG T$1-$6 &b, )5 ] echo fir% 5 1J1]
T 3 AR
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~——

2) Hi shift g 2 F a7 BAA &
shift iy 2 M Ih G B AR 8 S AT S5 NC R A 45 2 AL #R F:

shift [{L4%-E]

RIgENB RSN A 1 L.

R shift AR a)$1 LSRN B AL R IE, $0 2R IE R FFAE BB AL [H I,
$HAC B MR IR AR FIEL, $@ $* <5 AR N Mg TR A2

f110-35  Ji shift iS4 5040 B AR 7 {H:

$ cat procl
echo $0: $#: s$1: $2: $3: $4: $5:
shift
echo $0: $#: $1: $2: $3: $4: $5:
shift 2
echo $0: $#: $1: $2: $3: $4: $5:
$ bash procl ABCD E
procl: 5: A: B: C: D: E:
procl: 4: B: C: D: E: :
pPiEeEls Z3 D B2 3 2 2
5

3. HitH TR

oAt 5 R R A A4 il s 2B PR S22 S sk 3 FE PID (1788, $14%
=%,

D RHRAEA R

k£ Linux REH, B2 EPATERR 1IN AR 45 R g — IR ik,
1C C FE e h 2 i A exit(starus) A EEE H, 7T Shell HA UL A exit status fr 2B H . I
i status HE IR PIEE R PRENS . WE L ERL, PRI &5 Az [a] 0 R
Fe/F AR IR EEE 0 RES(H (Blfn 1. 2, -1 55).

$PAR ALK T L S A PATE ARG R HPIRES . i THERER I,
I exit(starus)¥3 1B AR F QIERERR 7 b . B, Shell 4bRE -1 EFE )3 5 T 1E,
FE iR D PR FES?A T . I Ry AT B Zh R R iS22 0, N4 HE 0. Shell
WIS S?TRHAIM F— i S PATIHRN S5 & . i, TS PIT “ad 1 && w4
27 FUZEEHAT “d2 1 || @4 27 B, Shell gh2Ed &4 1 PUT/EHSHMER I E
HIAT AT 2 20

B110-36  MA$272 B AR fbvir 4 [19IR HART -

$ rm filel

S echo $7?

0 (M e ST AR D )

$ rm file2

rm: cannot remove 'file2': No such file or directory
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$ echo $°7
1 () > ST A 2 )
S

fir & IS

$$£m1h%T$nn SIPATRERERERE 5 PID. %*/I“FIAUT‘J'EED’]%‘TFF&‘SJ‘C
THS, Shell & (K EFE S PID fE AZISSALRrh . Si4h—alie RN = S, Y
0T MR PID.

51 10-37  ASSAZH AR iy (1R

$ echo $0, $% # ¥ 7 A Shell #E428944 &4 PID

bash 15452

S sleep 30 &

[1] 4439

S echo $!

4439

$ cat pid test

echo "My name is $0, my PID is $35."

$ pid_test FAT i A2 7 XAT A

My name is pid test, my PID is 16620.

$ .pid_test $ A Shell #HEHATZ A

My name is bash, my PID is 15452.

$

M EBIRTLLE H, YLy A ST AR, E2m— N TERITH, Bf
H O PID; M “.” i ST IAES, &L A Shell SEFEHATIY, JL4R K PID 5t
& Shell #7211 PID.

10.4 Shell EiZR

Shell iﬁgifﬁl‘éi\_fﬁﬁﬁ Shell ik Z AT FIIE N —mﬂﬂfﬂfﬁﬁﬁﬁmﬁ
AL, WG 5y MR T T REAT S IO W (K2 48 ik o, JL4h
HARHE
1041 HFEZEFRER

58 5 A AN, Shell _’EEERﬁ'%Zﬁ%*é TR B O A R
an “127” %%, Shell AL jﬁﬁ‘ﬁi?ﬁﬁm ey, WG D) R By 4 R fT”EM\ =8
expr L HISRHFATEC 7 Rk a4 .

expr 8%

| @FI]Ei9 A = S v

[#%550]) expr #0131 Eﬁ% #HfE 2
[ 4] expr X HFLL FizF

D
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o= XL % . k. T BR. EUAE

& | Wiy, wiie.

= = I= L. EEDAET.

>, < >=y <= KPS hEL ORTFEETF N FEEET

Y+ — %, /. %S 4 RAUE; &Is5 YA EEAEE o s 5 1,
TRER 05 | IE54EE 1 3E O I A (e 1, 0% A 2 HBGES 5 BN
1, g 0.

LEHRE Y FAREHIR PR 0; ZHMIEEHFLEEANE (JE0) MRBIRE 0,
R (0) BHR[EPRZ 1; HAEEHREDIR 2.

(]

(1) IBELFN DA N, SIEEE T

(2) HARBHMEBAEL AR, rf LR PR SRR, W “1237, el b4
TEPPHR A, Wi%a. expr g MITTREC AT BB N, AN RHETIZ S .

(3) BEAWMGIE Shell [UCFRF, W* \. & | > <55, WIIHE LT “\7 A
LR ZHPRE X, A Shell BT

5 10-38  expr iy 4 FiZofl:
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10.4.2 FEMHAFIAL
test 72 AL XA R . BB U T S 2RIRR,  test v & AR AT 25, 1ot
FE HUR SR LRI 25 8. JBHPIRES K 0 1 EOR test gD, AL B £, B Hk
Bl 1 B test JIUL, MR 25 S A - test [EIINRR 45 e H T 7E 48 i 4 04 1R AT S 1R 0 7
test iy & Iy 26k 0B 0 A& 10-8.

F10-8 test W SRIERAFTIER

e i) FiER Mt & X
strl = str2. strl '=str2 strl 5 str2 = G AT
FE strl > str2, strl < str2 NI, strl A a1 BT sir2
i -n str, -z str str fWLJERS (A0 o)
str str =TS, [l-nosor
nl -eqn2. nl -ne n2 nl 5 n2 BF GFH%. A5
ok nl=n2, nl'l=n2 nl 5 n2 BT Y, A4
ik, nl -gtn2, nl-ltn2 nl & (KT /N n2
nl -ge n2. nl-len2 nl BEH CKTEET. DTEET) a2
-d file. -ffile Sile BEAFHIFHZ (H3g, i3/
AT -1 file, -w file. -x file Sile BRTAAETFR (0], wS, al$4T)
RPN -e file. -s file file = (fFAE. fFEJFHKRERT 0
filel -nt file2. filel -ot file2 filel &7 CHr1- 2271 file2
- I exp exp %E?ﬁ 1
. (exp) exp BT NE
expl -aexp2., expl -o exp2 expl (5. 8 exp2 BB NH
test (8%

[2hREY MK A IA A =AR1E

[#530] test A7 BL R RIS I R L4520
test FHE R

[ k&R ]

ERL “[7 A “T7 P 25 A

B HURA Y R L5 A B IR PR 0, BT IRMLIRA 1, HATRRBERE 2.

[iH]]

(1) BHEAHMBAEA T, SEBEHEESTT.

(2) FikAXPFALEA] Shell FITCFFF, W “>7 «“<” « (7 O™ &, WA 5T 7
L9 LAkt X, AN# Shell it BT .
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1. THBRRIAER
11039 4l

51 10-40 AT RGN AT A B A R IR

MBI PE AR, Bt HHE ] SFEE, W"$var". X#F, Shell #ATAHE
PG TR R SRR, AEA AR IR R ALY test A . LB, AR
userl [ FARFE P& A 754&, "Suser"BFHA N A SR AR B "Tom Smith", i)
$user] FrH ) b AN 745 5 Tom F1 Smith. A8 & user2 N %%, "Suser2"#iF it y— %
iy ifiSuser2 ML FE A2 FTLL, B EGE TR E R ICER AT S I NS T
1 test R4 -

2. HFaiR AR

5 10-41  Z B




105 shel f2RET %

3. XHMRRIER
B0 10-42  SCPFRHA:

85 2 A test i S WALN KR, RAaATHRIEHTR AL, 4REAT echo s A
AT -
5110-43  H WA

R test -d $1 a2 WA H, WIFPATES 1ATIE 2 A~ard, BLORZSIBH,: W
IRRA M, WIBATE 2 47@ 4, LU TRAIR .

4. ZEMIRFER

5 10-44 77 B HHIE ST (0 A QIR
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~—

10.5 Shell 3=%| 4544

5 C il 53l g5 FB A 24eL,  Shell $24E 7 JUANE [T A S a2 A 3 38 il 45 440
FHeATa] DU IS AR 1 7 S 518 . IR Eedy & Ao A BL R LK

o p3EhHM: if, case,

o fE¥RLEHY: while, until, for.

o ffEIAFEH: break. continue.

o Z5W. return. exit.

1051 FMHS5FMHw<

P G 7 E AR A R E R R . A2 CHES T, FMRFERIAA D
AE, 0 4f, dE0 b, 76 Shell iEF T, AL Ham PR HRA . i AT RN
I, BRI A~ 0 R CRIS?224 00, BRI 4N B #ar RMG i[nl—AE 0 fR7& (AP
$2A45 0 00, MRS Z A

FHF BT A% AW 0 i 2 PR 8 2 F i 2 o ATA shell g 248 AR AR A, BHi#Ad
A DLER A A . Bkak, Shell ibddfit |7 3 MAEBM4: “:7. true 1 false. ‘Ef1A
WA e, HER MR R RS .« F true 32 1] 05 false iR[FIFE 0. &AT1A]
YRS .

10.5.2 D ZZHGS

oy Sl A TR P EA R IS IUE T AT A RmAE. H 03l
i A7 if Al case, if fiy 2 H TP 2> 450, case v F 1 22 B o0 480 .
1. if 4%

if i AR A A iy & PAT [ 45 R PE Ja Sy S AT E AR if & (10— BB T

if Ftard
then %47 %& 1 #5524 0, MATHS F
[ else 40 % 2 | #EW, AT Z
fi

if a2 MPATIRE L : B MAT RS, SR LG i 2 IR HOIREE R 45 1 ok
EREIPAT IR . B A ENPAT R AFE 1, FNPATH 25K 2.

FAF A AW H A test RIAX A4, (HB T LU AL & ek 4 5%, W
P& — A4 41R, W Shell RN PATILH A2, IPEEE— 41
B HREVENSAF . A PR LLE—A B ANmS, WL s —A if @4, MifiE
WRE i Sk b, if ik ] LA else 7030, (HAEE K then 7 3.



108 Shel iR %

51 10-45  HIWTSEL 1 2 A AR S S

Bl 10-46 AU EIF R G, WS R [ Al A AT

f4 10-46 HH ¥4 A who | grep 114, EL grep i & (14T 45 R AE A 41 . 35 grep
7E who [P H R EFRE IR P 44, WIS E, RUZH P C8s: &, &N,
RWZH P ARG 5N I, AR F mail 1y 2 a) H P AEIBEE (K mail 174>
BRI 12.2.6 11).

2. case %

H case iy & AT ZERFAF I, S5 MR . case AT & (KA LT

case MIRFHFHS in
KX 1) 45Kk 1;;
BX2) #45k2;;
KX n) #4547 % n;;

esac

case iy 2 PATILRLL : SRS P 8 5 MR TR B E — L8, HARW T —
ANVEHE RSO AT 2B TR R R i @ 70 i A 2 ARSI, HaiT i
i TR AR AN 53 52

1 10-47  ARIESEAKOEAT AN AL HE

A Th L i B 8 H S FITA bak SUIF. 573 AT 16 € 2 500 B 2411 H 5%
AT L B BRAZ SR 1 Hoxs 328 UE T AR 2 I L.
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5 10-48  JZ e [E] R A 1

hour="date +%H"
case Shour in
08109]10111112)
13114115116 [17)
18119120121 [22)
*)

es3ac

echo
echo
echo
echo

"Good Morning!" ;;
"Good Afternocon!"™ ;;
"Good Evening!" ;;
"Hello!"™ ;;

A date i SR BT A9/ HL, SRS AR A B 7424 I 18] B S s AN [R] 19 )
foifo VERn: By« Fon “m7, PR ARG IFRIR A3 7 For
“UERD”, RTINS LSS AR U AT I3 52

10.5.3 ERZEHIGS

PG A M T EESPAT A . Shell 3241 T 3 MRFEHISE ), B for.
while Fl until £5#4. A REERIT XS C il for, while A1 do ity |r], MEIE
K AR AR, XL H 4 WL AT DU 7ERATR 5 g s 45l tomy
PALAZ AT A 4 177 50AE Shell F E AT

1. for 7%

for v &3 F I BC IPEIAAEEL . for v & AR QT -

for % [ in FH4 B £ ]

do

done

for i A MIPATILFE AL : @ X— R, BRKIKIUART 53R P 1 S A 0 B 1.
SHRRRIE A HAT 441 3R, HRIA TR B sE . URARE FH R YIRN,
INRIIA S 55 3%, W) for1 Z5[H T foriin "$@"-

15 10-49  FEIAALBL—AI S0 F-

$ cat countlines

sum=0

for i in ‘find -name "*.c"® #3F4AT B AT O EA ¢ TR P

do

lines="wc -1 < $1i°

sum="expr $sum + $lines’

done

echo S$sum

$ countlines
857

$



108 shel iR %

RAGE CESCIHAT R IAAS, e IZ AR 21T H ok &7 H ok R IEEAS ¢ SCPFIIAT
H, FPEfTFEnE Ry H .

5110-50 JEIALILS LD

SR — B A F TR EA . $UTIZEARR T a8 T 2S5, WA
mail @74 0] BEN SR G (1 P RS — NI R

2. while %

while iy 2 (F1E S BEATAT S AR IR AR I, 4 0 LR BAT IR A (A 251136, A
FN 4 A B S5R . while iy 2 ¥ F 00 AR R SUEUNG ER AL FE 1K X S AN W ff (K 0 B0 L A2

while i 4 (1A% LT T

while %"H"@"—‘z\
do

o)k

done

B 10-51 ) AT g )T A

T IHA S IFRHER NG & SR ] who -q fir 4R CBSRI A 1 44, 15 H mail
2 AN S ) A% > Email.



gé. Linux JEMEERSR G, RIS (352 hK)

3. until 5%

until 2 MER S while iy 42500, WA ETERMABCLR HATIEH A4, H
FI&MEEOT . until A H T IR A A .

until iy & A% X

until %‘ﬁ"‘ﬁ?"-‘z\
do

AT K

done

5 10-52  WERRHET R AR

GAIEAT I A ) BB AR B ES AL WRAE 1, R
I TAIFR H . WA AL, WIRERG 60s 7E L BRI P h R — KRS HRE
A, ERIHER.

10.5.4 BREEHGS

break I continue 772 [F{E/T 5 C &5 11 break Al continue & 1A [H], T T-7E %%
Bk A o break Hl T2 1E#EANEFN . 29404 T break iy 21, 255615 21953145 (done
ZJ5) a2 AT . continue Fl T IEARRIEH, HFZHENT RIGHPIT. HPAT
continue I, LR BITAATGL (do ZJ5) Mam42HiT.

Y345, break 1 continue iy 4 ML g FH7E for. while 1 until iy & (K E A .

51 10-53  J1] break i 4 £ (L7 Fh-




108 Shel iR %

AR IO PEH A A S, XA EBRIER S5 K, (EAEIEIAMATH A T break, i
HACHN “n” FHFIR HAEFR.
51 10-54 ] continue iy 4 Bkl FALEIE

AT IR B AR A S 1 FRE 1 H SR I8N0, iR T H SO0, Bl
HAb SRR TR SR

1055 BHGS

exit #4242 Shell (KB 4, JHTE Shell A8 AR, &[0 3] HAQ
Shell. exit #74 [1J#% A0 R

exit [BEdiAh)

FCAPIR A IR [0l 45 ACHERE AR HPRAS G . SRR b A S U AT exit A 23R
i BATRR HUAR R AL OB AT T 1 e Ja — Zedm 2 (KR HUIRZS
Bl 10-55 I exit fig iRt

GIARE S — N HARAEAS . AP S HAGE H XAHREER &0 55 H 3%
FIRJEIERIEH . WA ES HUR M — M I i RE 2 45T
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10.6 Shell 12 F 425 249

ARATIRE JUAN S A7 B s Shell 3 A B2 4 A 1455 W FH o B 52 2% 1) . A 7 220
J Shell i EmAR K —LEF 1, 3% A5 % 111K Shell ZifE 22
5 10-56  4bJE- 4L SCAFIFE ST procfile:

5 VAT LAAT LI EREAT 875 Shell AT bash SRPATULIIAS . JEASHRIT B 75 22
AT TS BAEAIZITSEL. for TEIA ] TR AL B S H P BN ST o XSRS SCAEI
AEEES R —A while fEH, BT AT HATIEAE SRR, R P A, 1
Wi case S5 FURR BEE AN SCAFREAT TR 8 4R AE . %N n INES RO AN SO Ab e, 13
AN TSR . SN q RHIR Y.

51 10-57 A RECH BINANFR




108 Shel iR %

addall AL —RYVEEHC ZH, AEATRA. WA SRR S A, R
SO A 00 A R AT R while #5305 28K TS5 20 E] sum
i, RE SR ENg K.

5] 10-58 groups f&—~ Linux RZMm4, HTKH P fERH P 41478, groups
A PIRRSEILRSCAS, B C 5 5 WA Shell AR . LAF 2 AR groups i




FERAZMBAXN T ZHA . AR RV — NETEL 0 £ 2 M) 4S5 X T
—help T, & WG, A F--version IEI, & WA R HEH P ASE
AT id dir @R A 44 P SRS BSR4 a7 10 4144 .

51 10-59  —MRI LR SCA ST B




B0 Shol feeiktd

End of file?

cat > file3 << 'End of file3'
... (file3®A%E)

End of file3

$ cp bundlefile newdir/
5 cd newdir

¢ bash bundlefile PEZ—AB R PR
s 1s

bundlefile filel file?2 file3

$

bundle JAIA K ThfE LR S EER € () 2 AN SCA ST B — A SO MR AT . T HS
s B A mThie. FIamzrdod: KEN TN ETTIN L 4T cat &%,
BRI —AT &5 WbRid, B2 A SHAAHE— ST . SR, AR IRBAT RS 1 cat
7%, FH here STRIHLTE AN B =R HIKR

5] &

10-1 {14 4& Shell JHIA? 5 H 44T Shell JHIAST 3 Fh 57,
102 BRFELIT At 44 AR

find . -name '[A-H]*' -print

find . -name '[A,H]*' -print
10-3  fRRELL T i 2 A7 T AN [F]

WC WC wCc < wWC WC > WC WC | WwWC
10-4 LA R a4l se ld A r55?

cat > letter 2> save < memo
cat > letter < memo 2>&1

cat 2> save < memo | sort > letter
10-5 i RELL T A K 3 E -

mail root << "!it?
**k*x***x PROBLEM AGATN *#***x*%
The midnight error has struck again!

All processing stopped.

10-6 RIS HFFRIER S H T 5 a2 15 -

echo who | wc -1
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echo "who | wc -1°
echo 'who | wc -17

echo "who | wc —-1"
10-7 A3 5 | FAFIRAE S R 912 (K

echo 'My logname is $LOGNAME'
echo "My logname is $LOGNAME"

10-8  fifel F echo iy 2447 45F 52 /home/Suser/* i /< Hi 2K 2

10-9 {442 Shell Z5 2 tnfif 2 X Shell 25 52 {1 5| FH Shell 25 &2

10-10  fZHEHTi%&, Shell &/ 7 AMELR? #RMHIE 242

10-11 WBANFRSE A B P ORA7 i 2 I R R AR 7 i ol R ke, EHaE “~”
HagAn <7 Hax? RGBS A/ ?

10-12 45 A Shell F2/7, BV AL KAE A SEL R r T R .

10-13 45— Shell #2)37, "EXMIER 2 iz (1 H ok I KN 0 130

10-14 45—~ Shell F2Fy, ERE 2 MSHLIE NS E M CFR TR 142
BRE I H A . ZERAH NI S H Z R A

10-15 45—~ Shell #2/7, $idise H ok S L7 H P I E 7R “root” (¥ 3UA AT
k.

10-16 45—~ Shell )7, EUA— A A AN SEL, Wiz A H .

10-17 A5l 10-51 ) inform A, AR ELES [ CURIIH 8 3 R

10-18  HR-4EHI 10-57 (1 addall A S —NHAS, e 357 T 3R AE NI 250,
HHIAS B Ty 8 2 GE v 1X 8 SO ) DR/ 22 AT



Linux RR BT

11.1 REZEEEBHELA

AGUE B IREN RGBT S H R Mg PR TR, DMRIE RS %4, w4
Wiz AT, PRULJTI RENE S 8L, RO R PR SE RS

1111 ZGBEIENAE

Linux [ RGETE TAE BT/ D ARG BL, PR ETEMMN T A58 3 5. X
FRBRL, BRMIRE G TR, MRGEH. WAL H PR E LR
RIFIRZE (Web RE0. MEMFRSD) BHLASE . NURGNAAE L A AST A I A,

A AR RGAT R, EEAE LU T LI 25

o HEIERMRL.

o JUSEEL

o UHFRGHED.

o REHEMD.

o RGUM SN

o HPFREE

1112 RHREEIER

ARG H AR LR 3 Mook i B YE b R4

(1) HIEGERFEE A . Linux ZR 481G 5 SO0 2 26 SeA S,
REZH AN E A+ ete fiust/ete Hat ., nf LLA vi S5 4pii s BB M. X it
A, AR EME— T I TFE.

(2) i H Shell iv4. Linux R4t T FENASGEH WS, KEHEHM LT
/sbin fll/usr/sbin H 3% F. X &, Befiak. WA RN RG] T ],

(3) fHEIBEAE PRI T H . Linux P& RATIRESPEAE 7 — 2 I St iH 1 R 40 B
TH. XET RAFAERE A, fe5e BT 8 B TAE.

N FR S, BB RS T HERIER S, (AR 047 U0
Pl KRB B, XLET HAME T RATHAS, Bz —8k: 58, ez EER
AR MRS, TRk a2 T A &SRR @ RS Ao ieer:; 28—,
ARG R A ER, B RAL T I T2 W RS IF Il B A A B AT R R . ek, 7EH



gD/ Lo IRERGEG, RSN (52 i)

~——

Linux 2485 M0, FERATMH TR, 0L TR R IER L E.
11.1.3 root INEM S EE 4

5 Windows %1 Administrator I 5 AL, Linux T root 32 AR . root JL-T-
A LA R GEMAT AT 0, Al A0 R GE N T FP IRAEF B, 0] B SO AR 1) A 7
B BLBO BT AT B 5 (A48 A . Linux R0 &1 root ANIEAL A OFE T4, A
DICARR S o XA AT T BRI R G B GUOR UL L, T3 827 ki W mp
AERWTE IR R — HIEANMRAE R, AT nl B4 R0 B R4 2k LS vt .

T root MK 5 AR, RAFTH 0 Z 48RS root 114, Pk 144MER . 140
AWEA, BB, e, A, REEH LGN A A ks, %

S CJUHGE R B ) W L - St N RS, RAEDEN A su 4 (L 11.3.1
W) A% root.

11.2 Bah5xARS%

Linux FREEMA N5 K AE B IEAN HH Yy TAE. REFELN TRARLEN ST
BL 5P AL, AR T AR EF R sh R G, el RARS. RTRE
FIL R R i 2 T X SR AR, DA 0 B R A

11.21 Linux Z&51S77

51'F (boot) sEF5 MIFFEHUIN L B 1 RV LAARIGEE AN N A FFURIZAT I 8EA LR
x86/x64 K4 (1) PC WA w5 Ty, BI4L4E BIOS J5 LHIERARIY) UEFI 7. 545
SR B U R AL XK, 408 MBR A1 GPT Fifl (L 1142 F5HIA4).
BIOS 773t Hfig Xl MBR 43X ; UEFI A AABE, (R X H GPT 70X,

1. BIOS+MBR 3| &

BIOS+MBR 28 (L4 Sl SiShlnd s, BIOS R IHIzT. Bt
AT AR, RS e R B R R SR B R B, A T A B I 1 FE 5] Sl
s (MBRO. X— L2 E, SEERTLK.

MBR &5, #hlEiiks: 7 MBR H11) 5] 5 g (Boot Loader). Boot Loader
(P F S I AR RGN 5 S IRy, XA SRR T HAE R SE. 1% MBR i
HAEE R R e H T HE AT, AR ZRZS AT Boot Loader AR, JE4E1I0
BRI ) 5| 3N ARFR AREA R CEZ 0TS S A & A34 WA 4D . B2,
PAERGEN S FINAFE PR A, e NI R WA WAL IR 821817 .

2. UEFI+GPT 3| &

UEFI 7 BIOS [ # T A0T %, Wli% 5 GPT 73 X AHNC & . UEFL i3 7 M4
Ji DX G ACRS (R, BT i) A 4 7 DU B AT 51 3 30, BTk 751 35
AR, 51 FIhigth g R T .



BB Linux RGBT

UEFI ifq ZAI ] —A FAT A% X070 DORAFRCE SR AN« BRI | 30, XA~ X
FKA EFL 731X o UEFL [H15] 5 0 54400 “ eft” MmT 8T SCfF, AT 4 UEFT [ 4 H 8
IEAT . BAA G B RG ARG XN efi 5130, HWEEDRER RS A K515
IR

UEFI ) £ Z )i F /& UEFI 4| 944 # 3% (UEFI Boot Manager), ‘& $1 o471l 58 h&
UEFI (15| 2l 2. 5] 38 AR il B Bl R e, Hp s T SR E
Iz mM g Sy A5 FHRARS BT SF1 U . AR P R
4 #A—AG1 L 5 P EEE SR S| SISO EAE EFL 2 X P EITRE 1 efi
53 31

UEFI ()5 SRl #E . WEHUINE 5, UEFT $UTHIGIL, Ik EFT 351 EFT N A,
SRR S| FRCE B, i s 3. HREr e R R s A (an F12 &) s WoR 5|
SR, FIHMFTA S FEHLR P IERE . AUEBEIERHZ R E N R RIKZK, H
B AT S . #1515, UEFLARYE 5| S 10 1 2 804% M EFT 23X 4k
FIFEE M ofi AR IFPATE . Bk UEFI M5 SRR 450, #ER G 5| 5 B P
il FEL5F RS

3. Linux &G RI5| SHH

Linux 7% X GRUB (GRand Unified Bootloader) 5|'#Liil, o322 grub2.
K H MBR 5] 5 7, 1 MBR #%] Boot Loader {Gi% LA MBR. o 45 T4 [X A
(AR S E grub2 [ROMRES . BEE, 4 MBR NS grub2 Wiz IT 7. WS 2R
JTl UEFI 514750, W Linux /1) efi XA INZRIGE grub2, Z 515 FACET grub2 ok
SER T

grub2 1 {/boot/grub H 3 F 15| FHCE 1 grub.conf, R4S & A4 A B on 5]
SR SIS T RET AT SN, R /DB AR S R . Y
Wi T EMEMNERG, grub2 STk MG AN NTE, VIIGILILIZIT S8, SRR
HEIEIT. BHEFOTEMR, WS, WITERENVILHL.

11.2.2  Linux R& AR LALE

FERG G FEDPBE NN, WEREHE .. M RE RGN RS
MRS UERE, TER— AN AT R RGeS . A BCHb, OGP R GE A5 452 1L B A TR e 5
AR, PREISCH RS, &lEie b NZIIZEAT . Linux REE0 8 FK L FR 48 th W) 4htk
(init) RZ5EM. Linux R4 1 init HLH] 5 205541 SysVinit LLAOHT—fG Systemd.

1. SysVinit 158

7F Linux R4, [ 50 E N AR init R4 H UNIX %% System V 1] SysVinit,
HAMAEDT 2 Liunx RAITHAEMEH . SysVinit j&— PN IAMWIGHE RS, &Y
WIBAC S IERAE, BN, BaIIRSGE, #2H — RIS S AR SER . 1
AN RIEHEA S R KNG SRR ESAE .

1) REMIETH A

Linux F 40 0 ) &R0 AT 19, Wik HE 2MEirE. EARMEITEEAT

\vIp
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Linux JBIERGEEN, RIPSMA (56 2 k)

REHIET I RES AR, R RGEDIREEIAR. il 1ENREHRSENTA
I, REMEIT A SATIR K725 . SysVinit FIZ 7485 (runlever) %1 X Fh 7
Fo LEAMMEBEITEN L, RAPATIIAANLE, H 3RS MAFE . E790011 % X
WL 11-1.

F 111 Linux 2FHNEITEINEN

SETRSI pra
0 3 1LiEfT

1. s S SR PR, LB root £ TR GEAEY RN 1111

2 LI PR, T

3 TALHPER, % BRAL 1 HIUET

4 e

5 MBI 2 R P B, S RO I SIS 17
6 o 2

RYH TARTE 1-5 90, 8 re b deat_EXannsh 7 ey iR .
filtn, 2 9t 1 i w2 5 SR, 3 U IN TSR SCRE, S 2 RN T IR St
WREe S RGBT B E L S G, R4 RGUER G Bh 9 E H S 3 4.

R HN5ERUE, oot WA LA init (BY telinit) #4048 RLEMIEITH A, init 7
A1 AR

init EE4T4 )

i, it 3 jE L EDE S, init 6 A FFAS), init 0 AOCHL, mit 1 HHEA R
BiXe VERL X TERE A R, B P A ) T L.

2) REMEEhLFE

Linux WEIFMHEZELTE, W rmlimyinait, R0 BEmi&ma), SRR
— RV R BRSNS AT IS . BT U 5l 6 2 0 5 2EFE 1dle FrHESE
root CIFRGE. Bk, W CRAPATH P HEREIGE ) . WG B E B Bok Gl
init #FE, HEPITEEM RZEVIMHIL TAE. init & RENAZE SIS — AN P e,
L PID K 1, PPID 24 0. init T P UEFEIGAHSG, "EFE RGEIETHINALARETE, 75
REM A sh KA E EENEM . R E, int SREATTTERAGYIHL, &
TR UM REF B — R G G, KRG B 5| SRIRINETT 5. &
GG SERUE, TESFEHG L2 R Cnshigtr, T g%,

2. Systemd #IE 1L HLH

AR, REABNANCE — HEEE R E WIS 2 —. XS AW K
B S RIS, 140 SysVinit RAC BB EMAL. EEREEE T SysVinit
REN) A Bk F e A4 B A B A e 5 HR AT REAT I . J3 AT S8 T R sh i
HAE A T a2, NG S TR sh & i, S5 b, X Tapssi D
RIS, RS BT (BRI B WA A TR SS» 76 R G I B A 30 S AR 2% F0 4



BB Linux B4 EH

GERGE A B N Ta], 38 T B R IR . BT IR ], SysVinit (EB#TH LT
VI RGN H ATt (W HAC T %4 Systemd.

Systemd #E4= T~ 2009 4. Systemd X 24k 55 2 (A ARG R AT T EARAR T E
NSRS T RGEMF FIFAT RSN, Bl —IRFENE SRR 2 RS If
friasal sy FIA CPU M1 VO REHIZLR, Aiihith TRshidfE. Systemd it SL¥F iR
SEIMREIR N, BT B LEEF I AN T IR 5 AN BHE IR shid R b R 8l i s 2 L5
TR T, RS AR I A IE N AR AR AN A 2 R B IXREIRD AN
LA . HAh, Systemd ESCFFRIE. REKE. Fivl. IRIRSGEIAAL RSk

EH AT R ZE0H I Linux 2459, Systemd O 1 init, BCAHERIN RSV LA
MRS5S PR . fERXAFIIRSET, 1 SHREATHE init 1752 systemd T (JL 11.6.2 511
B 11-4).

AT 5 SysVinit fR¥73E7%, Systemd 5| AT “HAr” (target) FME. target 1K
R REMIEITE A, 5 runlevel AHREANX N KR, (HERZTAFRMAZE 7K
A i. A, target FERIAIZATIEA Y tH H runlevel BRI K. & 11-2 FItH
T Systemd [ H AR E LRI ZAT UM A B REFR o

F 112 Systemd BB R RESETRAN BT KR

ETRA iIE{TE#R ETER

0 poweroff target, runlevel.target fF1kisqT

1 rescue.target. runlevell target LENSDRE i

2 multi-user.target. runlevel2 target g XMEH P, BRASERT 3 2

3 multi-user.target, runlevel3.target 2 H PR

4 multi-user.target. runleveld target HE XME PR, BR324

5 graphical target. runlevel5.target A U A 2 H P ALK
reboot.target. runlevel6.target EFr R
sleep.target i, REHERBINE

6 hibernate target R, FREHR PR
emergency.target N EESIRA,  JH 4)) Emergency Shell
default target BRIA S BN

T FIAFEZAME, 44010 mit f727E Systemd RGP, ANid Systemd 2
P s fr 4 systemet] [IZHAE R KA. systemetl ANV AT DL I R GE I8 4T4 0, B ]
CLSEERX AR SS Cservice) [H45Hill. systemet] 7y 2 (RS AT

systemctl %44

systemctl [F45 il iy 2GR 2 A, L H 012 178 U i 4E iy 4 4 isolate
target. 19U, systemctl isolate graphical target iy 2 #A1 R E A BE S RiAEA . H TR

FZEH A S RS (status). Ji3)) (start). f571F (stop). #J5 (restart) %%.
B, 15 e M E% 15 B G 2% IR 4S5 1) iy 2 2 systemctl restart network service. F 3 FIE

\vED
e
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PR A 2 B HE AL Chalt. poweroff). i (reboot). FEiZ (suspend) FIAHE
(hibernate) . 1, G RS r4 ) systemetl reboot. & systemctl iy 4 [1 5 % H
AR man T 1.

11.23 RGN ETSKARE

1. RERGR

ARG AR AZhEATH, REEHAAREZETIL HErT L ER RSN
JA B SRR RS BOA R B T e

X T SysVinit R4S, 0 NISAT I E XA /ete/inittab XA . root A LA I ETL
SO SRR R EINNIZAT )] GEE L 5 803D Ja ST B M fete/re.d Hx T
U R ARELER A S 2l B AR 1R B AN RS, AT DG 3 ek BRiZ H s R AT R AR
W

X+ Systemd A48, BRIAM G 3D H krsE X TE/ete/systemd/system/default target, & 42 %
HoAlh target ) — TS B . W S RS0 HEH: B graphical target, AR553% RAEHEFEL
#) multi-user.target. B4 default.target 7555 H brBl a] B8 BN G 3l H A% .

Bl11-1 BRI B H AR A 2T 8

# cd /etc/systemd/system/

# 1s -1 default.target

lrwxrwxrwx 1 root root 36 Jun 25 09:03 default.target —> /usr/syste

md/system/graphical.target

# 1n -sf /usr/systemd/system/multi-user.target default.target
# reboot

e, JEERN H bR BB S 2 H 4, ST default.target Ji5, ERIAH
PR FRF R 2 . R E, RGN A RIETT .

2. XHN5ERAES%

YR T EAF WA B RS I T M. RGN TR e et B
AR AL, WHE T EENGSIRE. WARE T R 5 AL A G AL E SO, A
B, AR EEN RS

KM Linux RGN IT RE M IHIIAE . XL Linux FFHBEE22 00 X 2247
TEB N A . 7ECHURE R, REEHZZ XK 8 SR,  DURFF
PEAR B — B0k BeAh, IR%5 28 RS NN T ik il S ICAth B S 1T )™ LA R 55 0 51
SN EEERE . FEZ P TAEMIEE T, 23 1 U RS Peay A s, S P M
ISP ORAF ST AR Y, 38 5 DR A o B s RS 4 2%

2 H OB f i A e LeR T S 75 shutdown A4 o 14084 15 56 0] 755 %
P 2o RIAE S, TWEBATRE, JF7R4S login #F2. TE4TEWIRFNANS, [ init
ok systemd HEFEAAG 5, 1E RIS R M2 T, 1nit B systemd HEFE [7) %4k 4533
FEIOAE 7, EENZ BT, WHAZI X NES NS, NG IRESCIE RS, A
KM T o A
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shutdown 2

| @¥i: PRZI DT NEE N /SN i

[#%55] shutdown [ 7] [ B [E]] [ R H &

(GrlD

b L

1 A8

¢ HUHIHLERAE.

[ 240 ] I ZH0T DL LI £ 0TI TH], #6208 hhomm; 0] LU IS LI LE I I
], EP A8 A PR ZE N EC s B AT B now, s BIOCHL. R B 245 & In)
B R RV R B

Bl 11-2 10 3G KL

# shutdown 10 "It's time for routine maintenance, please logout now."
VRIS, AT 2 F P 1945 o i L2 HY B root [ IRHLE 75 LA R GEH L

Broadcast message from root@nichost on tty2 (Mon 2017-01-16 23:00:20 CST) :
It's time for routine maintenance, please logout now.
The system is going down for poweroff at Mon 2017-01-16 23:10:20 CST!

WA 37n 5 BB B Ik, H 2R SCHUN 2. HE1E] root AT LAT] shutdown -¢ i<
W R -

A Z AP &R ITE DL T root AT LAAE F HAth 58 fa] #L K SCHLANEE 3 -2, U1 halt,
poweroff. reboot %

3. Rah51FERRS

Linux 40 (1R 2 570 il LU0 £, 4 X Window A 4% IR S5  EATT8AT
SRR, B el DA S B OCHEE ST . ARG B O N R R BN IR S5 2T
I B R A, FEAF L EEIN S G R M LB J #54E . 7E SysVinit R4, #5H
FEAHRES A SRS L (K i 4 4 service 7%, 7 Systemd FR4eH WAL H systemet] iy 2> .
FARREES WAH ST

11.3 AR5RHR4EERE

Linux 2= NZHP R4, AR AKN LA, D2iixt 3T 23511
EHRYES, XERGEMHN - EE e, HSHR TEQR & MR fH
FUA, DA BRI PR 1A A PR 2%

11.3.1 HFR5ERRFP4A

R E RO P IR S AT E R H P IR S 2R P EER G RSN, LS s
F1 5 AR, BRI HIBR, BT AR A T R Gt U

\<p
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1. AR

RGP AR P A — A ME—WH 4 (login name) FH FbriHfF (UID). H )™
P B RAEA, RGN UID R, JF LAtk e T FERE - R
K&

RGP AL 3 28

(D HEHE . HARGEHAG NEEN K, EBRGN ., BEN I H
Hi 7144 4 root, UID /& 0.

(2) Hm . M 7 3R RR root AMERIE SR, root HAZ. — BT,
i A I UID KT 85T 1000,

(3) ¥R P R P R RAEN TR S, Agegs . fFeki ks
4 bin. sync. nobody. daemon %, UID 4 1~999. il f X SLhi H el &40 dh e
i, F R 0 BA R UID 193041

RGN A EST T A, fRfrfE/ete/passwd X . root FIEHH ] Frid
A B O H IR .

F B3R5I LA su (switch user) fip 20042 S0y, W T R G0 ML DL 70 D EE I A
WA A 5% 3 root.

su iy

[ohfed ¥ h 5 —AHr.

[#5XY sul-] [ F 4]

LUt Y AfaE 2k, R3] root; e “-7 GRS, (A AEHEAE .
AT su i, 2R AN EEEL A IR P I 4

B111-3 #4524 root:

$ su - ## %L H root

password: (%A root #jm4)
# (334 root K5, IRIWALE A root #9313 )

# exit

$ (=3 Rk AP HkT)

2. BAR4A

R A R AT A s A R IR P S Zr A s AT BLE % TAE SR R EL
R P kR 7y B, Z5FE—AN0H QR LUESR—A 4. —4lhel g2
A, R HRAMRERARR. — AW ld e 2404, =484
BB

R 1 R ME L 4 M4l bR iR A GID AR, &AM P4 ANk, RETFE
fetc/group L.
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1. AP EERMEAE

1) passwd (A

Jetc/passwd SEF K SO, AROH PR IEAG R BEANHEPIK S S —4T, &
T 7 ARG E SRS E, T

BRL EH | PARRSAS UID: A4AF124F GID: A P458: £ H X : 5K Shell

passwd SCPFI1JE 4 root, ALFRA 644, BIAEAe] AAJiE, root A%,
5] 11-4 —A passwd SCHEIRTEB 45 N 25

root:x:0:0:root:/root:/bin/bash
bin:x:1:1:bin:/bin:/sbin/nologin

daemon:x:2:2:daemon:/sbin:/sbin/nologin

cherry:x:1000:1002:cic:/home/cherry:/bin/bash
zhao:x:1001:1003: : /home/zhao: /bin/bash

RO TCE P ES A (BT passwd CHFEAR NS, BRTA AATBE, MORAE
(A A R N % i 1 2 AT root AT L[ shadow SCAFH. HH )40, ARk
W R A “x” 755, HAbRFShal bl

RS B BON PSS E R, stk 44, AR, RS, X E R
A] L H] usermod 5% chfn iy 21504, H] finger ip & & . Ikl LA,

FH SRR A B H 3. Y B S, Shell H 3K H SAE 5 © 192400 H 3%
HIE 0 E H ok — BB(FE/home T, B AT LLFE s JLADA .

B3k Shell SR T BRI AT IIRER, L H25ROAR Shell F2R7, (HAATLL
JEILABIEATRE o 7 ARTR o WIBR A S 3))/bin/bash.

2) shadow 31f

Linux 2511 F] shadow AT HH 114, BIRKEE N 5 199 11 2 A /etc/shadow
CAFHR, M7E passwd HHAHMN AL B LU “x”. shadow SCAFERAE T T H 7 D411
nasfs B AR A ARG B B AT, BT 9 Mg, T S0k
ANk

HFtmBEab ob LREAME: a5 FRERNRDREIE: oA FREXDY
RRRH : DA RBATEE N P oy KB 2 A R RSB IR S A 309 K30 IR A3 ad 7] < £&
e

shadow A1) )8 3= 4 root, FUPE Ky 400, RI{Y root AIE, —fH L.

5 11-5 /> shadow SCPFIITA A 75

root:$6SEMzBV0Y41AteQcLGSPU6xVvEBVWY riuBgqniUG59pvmaPBk1EyTH9bv 765 9MykYmS IbE
06Yzgv1OBHKpSmMGV1U6zWh13IovFOJ3WIGFQ0:15516:0:99999:7:::bin:*:15382:0:
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99999:7:::
daemon:*:15382:0:99999:7:::

cherry:5$6556HNtCgi $KudgTFk20ukK0em2uSkznZnl4HRIYu6PbiC1M5kNNPOSyOmfx1bH50
XRIfgfDAVSWh4drRtBBhhjTkB/1zdI0:15529:0:99999:7:::

e, 55 2 P BORINE 112, SRR MR 1K SHASI2 a5k, 55 4 7B 0
TR P AT LABE T B 10 4 55 5 P RER 99999 TR LA kA KL 5 6 FBON 7 FRoR
HA RN 7 RAG R E R DS RRG HRTF B S RAHNITRE.

2. RMAR

IS PR A 42 useradd, ‘B EESERLLL F TAE:

(1) [ passwd. shadow Fll group L5 A {5 &

(2) WP EH=, BIAETE/home Hak .

(3) H/etc/skel Hg FISCAFRHIZIA T EHF T, EAR P ARG ARIA .

(4) {r/var/spool/mail H ¢ L ) () HIEFE SCAF

useradd 72

[haed dsm—AH .

[ %3] useradd [#£ 7] H F~ 4

[T )

-d Hak fe AR, B UAERBRAR 3 H s/home/H 1 44 .
-e ] FRe kS mzak 0, #%:8 YYYY-MM-DD.

- W2 feEH AP, A NEAEH SR 2R R 44 .
-s Shell  $5E 1/ 18 5% Shell, 17 EKIAf#FH bash.

5] 11-6 ] useradd @y &I H

# useradd -g faculty zhaoxin tifsAn# ) P zhaoxin, BZA3# faculty
# useradd -e 2019-12-31 liuliu $RFT R P 1iuliu, F) 2019 FRLaE

3. RERAROS

PrEE L P IAARGEE 5, KN HAE shadow AR DA LRI DA Ffr a8 “ 117,
REVE M AU BRI P ES A 14 R AT RUE B % A AR 114, root
AMEEEfR 4.

A EEHH%, root 5 ZAFH ) A e B LIRS lan, SRR e R 14,
root AJ LA¥EHI T A IR . 31X it 15 Mt/ete/shadow U HHIRAH AT (R 5 5 ANk
IR, FAk, AT TR ARG R R B R A 2, root i B MK T .
PEEBIRK T 1A B IRR, AR TS, HEMAR. HBUH TR
fetc/shadow SCAFHHREIFRE A P, EHL OO RTHIEA —4 “1” 755, AR L
B2 P e o RSN IR IX A FRId B AT . AR AT LU I S $i /ete/shadow ST SR
P A 108, (B ia S Al passwd iy 4.
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passwd f§ %

[Dhie) WEH 4.

[#%0] passwd [# 0] [F 7 4]

(Gl

-d - MMERE S A, R SR ATE L.

e W HARHL SREIH R OB S M 4

1 HEH RS, R RIG R

u REREEUT P RS, AT R B k.

xn  WEHASTIAREARA n K. D425 U200 B s A a8 k.
| QULD I EEE iR i AR SN PrYCRg S FRA g Mg

5 11-7  JH passwd iy 4 W& 14

# passwd zhaoxin #4# A P zhaoxin K& 24~
Changing password for zhaoxin.
oo (HAEA)

# passwd -e zhaoxin #3&4] zhaoxin FREFEHE 24
Expiring password for zhaoxin.

#

4. BERAPERINE

R ;1% , Login Shell J3 7)), ‘&4 H B AT — LA IIA SO, D B 7 #8857 Shell
REE, QLSRR A A3 (3. Shell HI42 02 J % Fldr 4 IPdlE i, FILA
b2 A Bln “1” & “ls 17 fr 2 5144 . Shell BREUE—BilE SLRIBIA, H
DLSE IR EAN T FIThfE ). LA RS2 bash F -+ FREIEC B 1 JLAS 1 B0

(1) /etc/profile: F%iZk Shell BLE SCAF, FlAF Shell M ESHHTYIZA LI E, HSLAR
GO EEASE (I) PATH, HOSTNAME %) K3 5hfEy.

(2) /etc/bashre: R Shell HI R E M, TR ERGHN Shell 74 5 A%

(3) ~/bashrc: Shell 7|4 ¥ &, HFE#IL5EHEM Shell 72 MR E0E L. R4
Shell (Login Shell K& IL 7 Shell) Ji ) #CEFPATIEA LA & B BT /ete/bashre AT
K HEST R G0 Shell 544 FERE, AR5 £ H @ L4 S S P EE X
ERRNFIEANEC = a L

(4) ~/bash_profile (E{~/bash login. ~/profile): Login Shell [JFCE CfF, HT A
H ORI Shell #3583 112787 . Login Shell Ji sl 15 Jc AT /ete/profile L, %
SRR ST, SRR HAT IS SRS B S AT~/ bashre, 52 SCFTAT 15
Z5RE, RIGELE HARH PRSI AR & (1 TERM. LOGNAME 45) ELACH] )™
58 SRR B AR B A B SR I AT RO FR e, H ARSI SS . P ml OB Bkt S
35 31 5E I B H 11

(5) ~/bash logout: Login Shell iRt &, HFHAT LB HH#/E. 4 Login Shell
B I A IR A SO, SRR B PUTE . BRUGE A R A,
JAT CAZdE A, 1 E AT AR TR R e Bl — e SR AR, W R B
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PAESCffe, BUPRAS R RGO ECE S, 2 root WILME X . J5 3 AN
AJ 5 SCIRAC &S, ST IS RRAS S A AR fete/skel H s B IERIANC & SCfF, 7RG
MR EHRT. HBEETEMESCEfIUEN A CR# 2. root AL
JH & M /ete/profile Fl/etc/skel H s R ) SO KA EE R e LA S ERINTI T ) 9AKs, At
eGSR B2 RGP, B Rk B AN ESEh e ].

B 11-8 52 ST [ ORI AR B S SR I ZE AT 19 S0 f

$ echo "PROJ=$HOME/project/hoc; export PROJ" >> ~/.bash profile

$ echo "~/routine" >> ~/.bash profile

$ cat ~/routine

echo "Hello SUSER!"

date >> login log

S . .bash profile

Hello cherry!
5_

I P4 echo iy 4 1] bash profile CAFREAIN T AT, —AT /& X & PROJ.
H e B A KB 2 2 e AR R LA e S 1A . 5 — 1T 2T EHRTF
(1) routine JAIAS . routine & HI 7 [ € LI — B HIA, B4 WoR T — 1) migiE, SRS
login_log 3L st USSR ] . 75 F OSSN, MBS R EN . T 7
EIE B EMPATE R, ATeLE “” A ddre, Wb,

TEE R, HAAEERN S Shell 42 Login Shell, '&£:#4T bash profile
Ao Hi Login Shell J&%E 1) Shell (2 1~ Shell, ‘&A1 AT bashre U, 185177 £ b &
& Ja HEZAT ML Login Shell, {H7E £ ¥ ok /5 I Login Shell 4 5% 05, Aok
FLFEATIT, AR ST ] T () Oh 2 0 1 1 Hp R BB A& T Shell R, 7 B F4 100 8 5%
I} 75 A~ £ bash_profile SCAFIF4 A5 B, (H e LA AR Wik AR By )44 s ki
] 2551 T~ Shell #5242 2401 .

5. B ARER

BEOCH Pk 5 B iy A 52 usermod, ‘A VFZIEIN, Al L&Y passwd SCAFH 1%
I, LK shadow SCAFHIIEE 24 7. 8 Wl. KT iAW HVEE 25 man T .

6. MiFRFAF

THIRR TP () iy 2 4 userdel, ' EZESERLLR TAE: MIBR passwd il shadow A4 ik
P AT, 180 group U, W12 F P i AT v mE— (14 1l b DA 122 401

userdel ip %

[ohfied MERA

[#%50]) userdel [-r] A~ 4

[ U6 Y —r e mit 2 R 7E AR P (4 Tl s A o 2 = H s BB
5119 userdel g2 MHERHI -

# userdel -r zhaoxin #M A F zhaoxin, RERG L £ B FAebif
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11.33 RAFAEHE

1. APAERME I
fetc/group s SCAF, ORAF T BAAMKE . ALY AT, BITORE 44
. MBS, #XaF:

5 oA ARRR ST GID: P A &

group L AFIF)JE F 4 root, HULFR A 644,

Bl 11-10 A group TP Py 2
root:x:0:
bin:x:1:

daemon:x:2:
wheel:x:10:cherry

faculty:x:1002:

2. B 5MBRARE

Linux a0 F a0l F A ISR € P A ifis, KA P A 441, H4
SRR WA, WIN SN H AL, RE A LA
P ) f 4 42 groupadd, #& A a1 R

groupadd #1.%

WAL aS I P 0 20, — AN R H R e iZ410 GID, B A
] usermod i & — AN CA M AR TE. WA P NEE AN P oS e 1
F— N H P AL 4/ groupdel, #5201

groupdel #1%

MBRALS, FZA PSR, WA XL 7 ALl (BREE flAT
4D, SRJG A HEMER4 .

11.3.4 AHPANRER

Linux A& 370 Z0RE 2ok il SO IR R O R , AEREAEAF5E SCHT ™ b SCPR
VIRAR e %, T R E) AR, 23R E T (UID) Lje4l (GID) sl
BEE N UID A1 GID. XA @ P R T iZ 3R AR : & L GELLIE ) UID A1 GID
Pt IALBROR VT R SO B, T 3T cat dn& ik — IS BB R I SCAF I
cat AR R AT A T RGN L W, AL M ARG IIBAT ML & SO AR P A AT
FrB AT root R T THFBUN I A RTEAT . R, root AT LAREATFT AT REEW A
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AR, T AT o AT RERAT AP LR A A 2, RASBEDS ) S LR B CA

0, RGO TGN B EH Lo S B BOR], b AR I AT — 2
TEARR TS, 23R AE . HE CD/USB 4 L4 . B su mrd Al LdiHm
FH 148 51 4 root, {H[AH2E root #itH, XAPAES W H RS M H A . e s
(1) J5 A2 Pl D BEA B HT 7 23 LIS BT AL (FRCA sudo 480 o I IFAREAS m) LA B N
21 BHINWCA], SXFEREIRES T RV B dH, AR root 114,

1. sudoers 3§

5 X sudo FEALF) S fete/sudoers. 1% SCAFIIE T WBLET] Frn] LAFRAT IR L ip 4.
A CAF B R A VAl F I S A AT 45 R AL 4

5l 11-11 JERSE sudoers SCAF B UNT

## Allow root to run any commands anywhere

root ALL=(ALL) ALL

#4# Allow people in group wheel to run all commands
gwheel ALL=(ALL) ALL

## Allow zhao to run halt command

zhao ALIL=(zhao) /sbin/halt

ZCAFH, oot FUH 2] wheel #5017 1725454, H /7 zhao S S T 1 HAT K
Pl & HIBUER .

root 1] LU M E 24 sudoers SUAF AT BRARFAL o 0 BAS FH Pl ) A1) 280 nT BLE Al
INE| sudoers CAFH . FECHFH S EE T ASAE AL AN F] wheel 41 . wheel
M AR RGERNE BT AL CBRRAE sudo I 4D, Z4LHh (71 A mT il IR 283X
root R, PATILATREAG 2. AERITE S SIH ik “E B ZRRRImE 30N
AF| wheel 4177, 12 n] LI useradd B usermod 4K & H /7 @4 .

2. sudo ip %

ARG IR AL iy 2 4 sudo, ARG k-

sudo 4‘?’-}\

F sudo $AT MR AT A I, PRI I PR I3RS root AR, AT iZ & HLB 45 R .
WITTUHHAT sudo 2 I, sudo 2x ESRAT N 1 Y 22K E0TE By, 2 )5 18— B v )
WCERIAR 5 208D P A sudo AT ZEFIA LA T .

5 11-12 ¥ sudoers L1 BB TR, AP sudo $AATRAL A 210 45 B an F .

Fi /7 cherry it wheel 41/¥ 5k b1, Ath m] CAR I B A4S BCERA T T 1 4 o

S cat /etc/shadow & FH AR, FAERSFR
cat: /etc/shadow: Permission denied
$ sudo cat /etc/shadow # /A root MIRE A LA

[sudo] password for cherry:

. (BT cat #4)
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$ sudo su - #3% & 4 root, RN root 24

¥

1) guest AAE sudoers 1| HH I e Hl . A AE4E R sudo R #l 46 .
$ sudo cat /etc/shadow #1& H root 4R IE

[sudo] password for guest:

guest is not in the sudoers file. This incident will be reported.

S

FJ* zhao 7 sudoers SCAT TP 4% 42 T HAT KHLIIREAL, At R REAT LA 2 -
$ sudo su - $ & &4 root #AE

[sudo] password for zhao:

Sorry, user zhao is not allowed to execute '/bin/su -' as root.
$ sudo halt #4£ A root HM XM

514h, Fedora SFRAAKA T PAM AIEFIA, BRIAHLX 32§ & 8 s 10 A - T
T AL T RSN SRR (W /ete/security/console.apps H =), AT )7 A 4f
Fi sudo B Al PATIX B4 . 72 e e bE 8, ml DU s S0 vp R0 1Y FY DU AH Y (1)
Tl o

11.4 XHZEFG4HP

S RGN AR ARG SO R HREMIRE SO RS, M ST RGEWALE
P DL LA B S X S R TIE 5

1141 XHRZEHEXEN

Linux SCAFRGEH H s &5 R 2 T nT #2555 R B E 4514 i) Windows 132
PFRGEALE, Linux CIFRGAAAT SRR IE

B 5%, 7 Windows REEH, AR BRSO RG0S B A& — B ASLIIR, T« 895
FCEMHE, w1 C\L DA\ BN AN S — AN r X, F5 S5 OB . 08
WS ANARHLAR I, SRR ELAT T e ERAE . SN2, Linux [ H s & e
— I8, A o AR R BRSO R R FE AN b, RS AR H ok U] . A
EHNRE AR A2 W SRS, BN S IR I R L, Vi IXLE )
D g an (Rl 97 R RS R G TR 73 X FF

5356, 7 Windows REEH, A LASAE JLTATATHE Ty o 23R4I, BT SR
IR AT BATHE, RS A I HS T . m7E Linux &40, S0fFR
R ) BE T AN A 4% P 8 TR0 SRRl 231 o A £ 8 SO Y 22 JRC I W 8 ] s v El
YERG g . B, BT AT SCFE I E /ast/bin H3 T, ORI LAE fust/share/doc/
HxF, T /ust/share/man/ H 5% N5 XA SCAF 70 A6 77 g B B2 it 1

S



Linux JBIERGEEN . RIPSMWA (56 2 k)

ZERLI UNIX R4, KT RA SOV AZR A H SR R, SN RATRH A
O 7 A 2B AL, 7E Linux [ A ZGK FFEE 16 Linux SCHF 2R 4E
(FIFRAEIL IS S . Linux SCPF R ZekRAE FSSTND 1- 1994 4EHEH, 25 FSSTND X4k #
UNIX #4t, B T 3 2502 kit (Filesystem Hierarchy Standard, FHS). FHS #rif
143 Linux RATHCH T r) DUEIEARAE, Pmf331AK 2 1 Linux RATHUA SR . AR
PR T A R P o ATIURN SR H S 1) 22 A

H i FHS [FIRAJE 2004 4E 54714 FHS2.3, £ 11-3 % 7 3+ FHS frdEff) Linux
H &M EE .

R 11-3 Linux X HRFEHIREEZER

B " A
/ fRH %
/bin (A e B i 4
/boot LY G A AN S s
/dev WA AT
fetc RGRoE AT
/home HP R FEHR
/lib RRISAT T I FE SN R B
/media aJFE AR (0 CD-ROMD  [H5ES: i
/mnt I B (1) SCAF R Gt e i
/opt RT3 PR B S R A
/proc AR ARG W& R LR ARG B
/froot root H /3= H ok
/sbin it root EH L FHF RS Mg &
/tmp N FEPIRIR E SO, RGEE MG H AR
fust 3Ly, R s ARy
fust/bin I A 0 R o i 2
/usr/include C/CHFEF IRt Sk 2o
fust/lib G LA 1 78 S
/ust/sbin [0 5 ) R 0 Bl iy
/usr/share H¥ELR0. Al E N EdE, wFEm
/ust/sre C/CHFE IR
/ust/X11R6 X Window FRZE AR AT (afik)
/var 5 7R G AT 1 A A ) B R S A
/var/lib A KRG ol B R () & FeR A B
/var/log i H &S
/var/mail F P f -l
Avar/run RBIEAT R R
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ak
B 3 "B
/var/opt Jopt H 3 I (B AT 00 AT A% (1) B
/var/spool I3 R P B P B L ot
/var/tmp IR I SCP, R E S R IR R

R H R ETE RGO s A, ot H s n] LU H& 1 7 e AR H 2 R A~
P WRHFETF A SEMAEH 30 st H R X RGP KRG Haz —,
CAAMT a4, BITES. ust Hax FIMAESRE ARG LK, FEARGIET AN
PREEAAR, BT CUREERR ST r X, il gt g, DA AR . /var HRAFTK
B HESCHE 0K B 5 SR R g1 KA s B XGRS R
GMNBATE VI G . Frbh, MBS E— s E R RS, St/ var BAE— ST XK.

e ARAEFEEE b, SHT AR Linux R4000 S0 H s g bt 7 —2eiodk, 674 H %
SRR SENA L, IR A ER IR . SO T

(1) fl/mun HEER T Avar/mun H%. /var/mun H 2 (It RGNS HEFE LR A7 21715
I AHRILE R H 5, ERGNSNN BN E A sESe, B eiksise+ e ashn
M HFEAA . run HREWAFE, E7ERFE RGN I ERETERE X T, FEiaes
B PSR &SRR . /58 &4, ~varmun H A8, (HE 225 /run 1)—
M SRR .

(2) BT /sys Haxo 2.6 iUPINAZSIN T T 2 X Eh AR, DR b AT O B 25 TS B AN
/proc HH o3& ik, Aoy b B AE/sys HakH o 5 T /sys Hax ), /proc H skt L& Sk
PR B AN E R T .

A RS R L ARF A 7] 245 hier [F) T U (man hier).

11.42 XHEFEEEEGANAN

HENLR G P IO & £ SRR (disk), BIREA BT . i AT 28 B KR
AR, LR SO R T IEAP i %o BEAL, TAbERAT it i s th m] AR SCPF 2R
GERTAE A, B REREA IR « A R [ AR SR U B B RSB/ J5 7 CD f DVD %%
ATARUAR, DA KE B A RS A S R ik AL, B Rl A R)E L
BRh & 2 W25 O R T, T DU SVt A 7 a2 b ] 1 HAth ikt 4o

1. BEEERWA

RGP AR NS A, N & ST “/devili i %47,

R VRAANF, Linux K4 4L 4 IDE (Rf) PATA) F1 SCSI (SATA. USB
IHA ) BIRZE. Linux XX BRI I8N 77 U, @44 107 A H . IDE #%
Fi hd (hard driver) J7:U0Kz), EATM A & MINE “hd+FFE”, B hda. hdb. hdc
2. SCSI 4K F sd (SCSIdriver) J7xUKaN, #v 4 HENE “sd+iif7<FBE”, 1 sda, sdb.
sde %5, i 44 (IR L A AZAS Il 280 P I 2 HE <

AT P ETRERY SR BN (ARG AR R, BT Linux A AZ HL I T libata F11 PATA bk,
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iXA4175 IDE #tnr LU sd 77 AORIKA) . Waiig v, fEEFE REe, I a4 2 1]
sd J7 ACRIRB R 4411

2 MBSXEENGE

—ANREEE LA 5 R 3 IR JE AT AR ERAE R . 77X (partition) A2REAE AT
ST X 5 — AN PRI 20— B2 AN X, 23 XIS B R e 2 X & .

B XA RA MRS UMY . XIS AN MR Ao XS, %
MR % SO AE “Udevi oy X i g 44 7. TERD, BCARFT UL 7 X Fe b o DX, X2k
R o XM Sy A am 44 BRI, 7 5 T B 48 .

HTilr PC HLRESL K7y X 4 U MBR 5 GPT #iff, 4 7 At A i Al

1) MBR 73X Je fir 4475 30

MBR (Master Boot Record, F5|'Fid=) (641 X k. MBR #0102 —
MGl s, EPaRET 9151008 Boot Loader A143[X . —~ MBR #in] A4
A 13 N EF O 0-1 MRS, §T R X AT LRI 2 AR X . TR AR
SO RAE G, e ERE “Y e BTN D I o X ECH -
A4 R A B o XKARZE X, Haltee 20X aEs E0 X, HTFRAK
515 . MBR 7 X ke T2 K SCHy 2TB BLUF #EdE .

MBR % (1) 75 DX i 4 R s 220 DB RE 43 DO 2[R 73 X5 0 1~4, il sdal~sda4.
RSy X R R B4 X A S TFUR SR . B 11-1 7858 7 MBR BES 53 [X 85 2 11 i 44 B 00)
BEAERN R 2 A B KA AR, a4 sdal, sda2 fl sda3. §7JE7r X
N3N T 3 AMEH X, a4, sdaS. sda6 Hil sda7.

sdal sda2 sda$ sdab sda7
FalX FEX R X | X | 2 X

47 [ (sda3)
E 11-1 MBR#EZ S XEMAAMNRE

2) GPT 7 [X K475 2

MM MBR REEL 7 X 2 BRI, Microsoft F1 Intel FF& 1 4 JaifE—bril4r X %
(GUID Partition Table, GPT). GPT [jZiEulEiR AR, nl & RLIREEL /N rliL 3] 18EB.
Ak, GPT RHAEL 77 AR A PR (BRARE N 128 M), WkaY X, &
I XA B 73 X A

GPT 73 X A% &0 TIE N UEFL 5| S Cim F & 1. UEFI+GPT & H il & 4 % 11
ek, AECH UEFL 5157, GPT #2284 — /NIl 2> X kA7 i UEFI 115
B, XA KRR EFL (5K ESP) &4 401X

X1 GPT it kut, BT Ery XS E0X, Friddm SRme, WA L IFE, %6
MBI GRS - B 11-2 /R T GPT R 45 DX ¥ 4% (1 iy 42 B
sdal sda2 sda3 sdad sda5
£ X £ K EHKR | EHK | EHEK

Bl 112 GPTHESRXEHGZHMNTE
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3. LVMEREGEAR

AL G A S B b, 2y DI RN S AE B I e 1 . 5 AEAT HH h R 23 XK
AINAEIESCT AIFEREE DL, REVE M T B 2 AT U R . R AR AT W
AT RGO TR X, B ST 4 B 4% T g RS 454, AT 0940 DO 3R T AL A
AEMF AR A 8. BRE, F K TP BUREEE RGER UL, Qe] 2 385 1M = O AT S R 4e
(A LEP R R OCE R A, 1 LVM AR X ) ) — MFE R T & .

LVM (Logical Volume Manager, #3455 A ) J&—Ph ek R 43 DX BEAL I,
021 UNIX/Linux R4t. LVM [FISEABAUE . fERIE 70 X2 BT — B2,
g ARG S IR 2GRS IR B, M m AR A B R0EPE. A7 17 LVM, R E
AT ATEANMEN TR T, AU a2 358 o R 40 s &, KR#Em T
G AT FH AR e

o YH{ifEA % (Physical Media): )8 {A Bk &, LRI .

o Wi (Physical Volume): LVM [WIC/2fAAGH0ME, a0 1 BREEL 01X (BT LA
ARERD FeAma . SHEARBERL > X IR Z AL P S 2 LVM 1)
AR .

o &4 (Volume Group): H—AEEAMEEL S 4.

o Wikt (Logical Volume): fE&4] FAIET— sk 2 MEH 3 IX . RG]
AR —A LI RS

K 11-3 #ik T, B GRS 2K R:

HRY swap /var / /home
| | I |
pukiess swap | var ‘ root | home
HH Ivmdisk
[ |
pts | sdad | | sdbl | | sdb3 |

=__ =
YR E L sdb

11-3 LVM RGEHRRERE

7ER 11-3 [F7filrh, LVM B85k pe A~ ki (1) 3 AWt oy KA i, ¥ edils
IR MG vmdisk, {FFEMAEA] EXRIrtH T 4 A2 X B CHAE T Y2
HH, EGE AR, BER PR S A AR SO RS . 2
BARfHAS R, RGUE P01 AT DL A ) A A P A SO B 2 DX, BeRA M I B A DL K
EARAR KRN

LVM ¥4 [ am 24 RN . MBS L N i) 2 X [H] 44 . B2 A 84 (1 44 Pk m]
BV AR T a4 o AN N WA A2 “/deviBA 47, R NI B & SOt
“/deviEA 44/ 644" B “/devimapper/ G444 . B, P 11-3 1 swap AR B
44 7T L /dev/Ivimdisk/swap 5¥/dev/mapper/lvmdisk-swap.

NG 1 3}
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4. CD-ROM & & HIf 3

CD-ROM & & (P11 42 A L “sr+)y5 7, 4 sr0. srl. sr2 45, & b E -+ #dE,
REA K CD-ROM WA B T4, W edrom, cdrw, dvd %%,

i 11-13 &R 41 CD-ROM 115 4 -

# 1s -1 /dev/cd* /dev/sr*

lrwxrwxrwx 1 root root 3 May 27 23:03 /dev/cdrom -> sr0
brw-rw-————- 1 root cdrom 11, 0 May 27 23:03 /dev/sr0
#

W LLE Y, %R ST, W& E/devicdrom & B S PR & SC/dev/stO 7 54542,
/it CD-ROM (154 .

5. RFBIANE

2.6 o 1 Linux WAZAER | udev W& BLds, SOVFH T H OOl v & 1 ar 44 3]
EANFEE A A A R B BRI T 5. lin, 4N U B, RGEAR R I [ i Ay
Eardh, AIAEAE sdb, WAIHEAE sde &5, XE M R )T AT ROE LA~ udev M
W, e AR SEA L S, Bl mydisk. 446N U #E8, udev SRR
P& 3 5 Z AHVCEC X 5, SR 5 TR 4R 58 1 44 7 mydisk 2857 M55, 6
BSR4 o XA, JCWRATIEA U fit, 5E 7T BURY/dev/mydisk 124N ] 5 [ 42 <7 R Al
e . i 11-13 Hf)/dev/edrom i A2 1] udev BN 7 1150 44 o LVM & 11 44 Fr o A e i i
H P 3 ARSI &M% . A% udev [T Z /21 UL 8.6.3 1.

11.43 BIXHRRZ(E

ARG AT 7S ) ] OE BRI RE S 7 X, ] BLE LVM [1E 4845 .

1. BIMESX

FA T ST RS RS 4 X (1 i 202 fdisk. fdisk (IZhfE 203k, AILLRS] MBR.
GPT. SUN. BSD 24 ffiii#/r X %, A 7445 Ext. FAT. NTFS. Minix. BSD. AIX
L MPRATIRIE RS 70 X A% K

fdisk 5%

Cohfe] @y R B 4 2y [X 4

[#550] fdisk[2E )[4 &

[ikmi]

1 FIHTRE &S EM X R, BRI GESERUEE RS (W/dev/sda). Aig

SESHIN, H T M & S EOR Iy X K

s BORIPIXIR/N, BLHOY AT . DR SEUR X B (W/dev/sdas).

[UiW] Y RIGEEminy, fdisk AAS H 5 0T, 1ESam s X3k . H R fdisk 4
YEdr 23 p CERZXE) . n (VX d MIBRZ XD, t B IXEA) . m (&
7~ fdisk #AEAr 2. w (RAFIEEGR ). q GIGHEEER .
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5 11-14  fdisk @52 1 s

# £fdisk /dev/sda FAANZAXRAE, B sda &5 K
Command ( m for help ): p

Disk /dev/sda: 30 GiB, 32212254720 bytes, 62914560 sectors
Units: sectors of 1 * 512 = 512 bytes

Sector size (logical/physical): 512 bytes / 512 bytes

I/0 size (minimum/optimal): 512 bytes / 512 bytes
Disklabel type: gpt

Device Start End Sectors Size Type
/dev/sdal 2048 411647 409600 200M EFI System
/dev/sda? 411648 2508799 2097152 16 TLinux filesystem

/dev/sda3 2508800 62912511 60403712 28.8G Linux LVM

Command (m for help):q
# £disk -1 /dev/sdc 27 sdc A5 K
Disk /dev/sdc: 7.4 GiB, 7948206080 bytes, 15523840 sectors
Units: sectors of 1 * 512 = 512 bytes

Sector size (logical/physical): 512 bytes / 512 bytes

I/0 size (minimum/optimal): 512 bytes / 512 bytes
Disklabel type: dos

Device Boot Start End Sectors Size Id Type
/dev/sdcl 2048 15518789 15516742 7.4G b W95 FAT32Disk
#

sda #5170 X R Bz A GPT #% 20, X4 T 3 440X, sdal & EFT R 1X,
sda2 4% Linux 7r[X, sda3 j& LVM 73X, sdc £ [090 [X 3 Whosizdi it MBR /&L, 45—
AN sdel, #3h Windows [ FAT32 43X (258 1d 4 b).

2. B LVM iBiE%E

R ERNA] LVM #7308, B THTEREA P I ALl A LVM 5. LVM 1 B
2R %, TR LR A A1 E LVM 45 (1 LA EAT 2, 211y 2 FIE DG 2% LVM
FW (man lvm). G 4> LVM HilH PP RS S EY G, 8 FdGEal,
WG RG] FEIZ .

GG AW R

pvcreate 5 Rk &

G AL A

vgcreate %404 hIE H ik &

G AR 1 A 2 R

lvcreate -L K/ -n 5% (4%
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~

51 11-15 {3 /dev/sda4 Fll/dev/sdbS P97 K4 IX, BB SR — LVM & 45
/dev/backup/doc:

# pvcreate /dev/sdad /dev/sdb5 FEFA G R Eoa i Sih h
Physical volume "/dev/sda4" successfully created

Physical volume "/dev/sdb5" successfully created

# vgcreate backup /dev/sdad /dev/sdb5 #{EFAHEE LS K backup
Volume group "backup" successfully created

# lvcreate -L 30G -n doc backup £ %20 backup ki 5% 45K doc
Logical volume "doc" created

#

ARSI E PSR T, I e X A E W RAE G ] T4 .
11.44 EIXMHRZ

TS R NS RGPS X0 2 AT R Adb . filtn, @57 Ext U &R
U ETE DR o R, SRR, AIARF. 1WA, Bl X N, AR
SCAF RGN e EE TN IO RSE ) T2 ¢ mkfs (make file system) . £ 4F f 11
ARG T AR T .

mkfs 5%

| @FITiis) ISV LY

[4520]) mkfs [#£77] % 4

(GralD

-t fstype  FRIESNF RGREN fsype. BRIV extd.

< & X ALHT AR B,

v FEAETEAN I S H

5 11-16  mkfs iy A FH L :

# mkfs -t ext3 -c /dev/sdb2 #E sdb2 R PRI ext3 I A%
# mkfs -c¢ /dev/backup/doc #F doc AP iE T extd L 2%

11.45 FERSIFHXHERS

VFS YRG0 24 10 (mount) FIYFH! (unmount), X7 4R 4
A DABE ALY 7R . RGBT, Bl HEEE TR U RS, HAh SO RS T LIMR
a7 BAE A TR BRSO R 4

1. XHFEGHRR

TEEFR SO REHHATHE WS FE). Ay, B8, o1 PSRN 245 € Hbw
ARG . TSRS SO R 50 XA AR N, BRI SO R EE T 1) 5 [X 8-
LIt E 44 (i/dev/sdb2. /dev/backup/doc 55D 1B AbriHBInl . SR, #&4IFJERSZ
AL, ST R G0 BN ARSI B R o W IR R GE R i S R T A A
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£ T RES I B & AR AL S, FBERGHRABN S B BRI B R . S 4h,
Bahis (USB 4L, R AR RGN A &2 WAl gEA—FE, 4 A5)
HHE R BRI

il P 1L % iy 44 ) LR 7 RO A UUID A A7 fili v 2% $2 ik Ml — ¥ 45 1. UUID
(Universally Unique Identifier, 7K AME—Fri) FATH AN 0] (E 0 —4E, W #CF &
g b LURAME —HpR P ML P X . XA, B KB EFEARL, ST RS
UUID #4272

UUID A 128 £, T 32 ANPRF R 4 ANE AT “-7 FoR. Limux S RZH
UUID & AE - SO R G AR R o mkfs iy 4 7R AU 20 DX Al s 25 1F Sl 4R Al UUID,
WK BRI B R T, T 1s ar SR &%

Bl 11-17 & AR UUID:

# 1s -1 /dev/disk/by-uuid | grep sda2 ##% A sda2 4 X #5 UUID

lrwxrwxrwx 1 root root 10 Feb 21 19:50 70ef684c-7dB86-4e32-af73-1£885
b6223085 -> ../../sda2

r[LLEH, UUID #rilid&, 7EdmA A . Bk, 4F THIT—2ff
RGRAEA LI, TRUSEM fdisk r 4 AR WAL, FIZRELEATHRME. AL m
ARG HBIPATIOERAE, 1 GRUB 5| 5 A shi3e 0k R 405, WINAERC & SR TVM
445 UUID FRiR, i R K& 4.

2. HEXHRS

HIE RSB AR U R G —HR T, XN H AR o e 0.
SCAF RGNS A T ) HEREI T AT H SR T T2

1) HahH:R

H 382 7R R G0 n IR IC B0 A sh S o T E MU R At iase. &
GAEG| T E S HIN RS /7 R &I SO R SG8dev, A RSEAT LAV ] R
WS m BB CE. RGBT, REEA A B S fete/fstab,
ANHEERAZ S R U R S

fstab SCAFHHHEAR T BN SO 3R G0 N AR ] A DL S BAT HEBE T AT A FH (M S 8. AT
PN AN RS, 43k 6 AN r B M

S RGARIR BEE IMHERAER HERR dump HFE fsck A

RGP X &4 B UUID FRifle H2E SRR RGN —
MH, AR RGEERIME . RGBT % U RFE AR,

FEREIR TR E S RGN T  WH EERE DT ro (RS, w (5
HA5) . auto (FAFH:38) . noauto (AFREHHRE) . user (M FAl4:3%) . nouser (1L
41 root Al %), defaults CERIAGESHEES) . B HBE AR 2400 2] 8048 H mount -a
i AT ER AR . ANFR A Hde ) 420 mount iy 2 B FERE . BRIA G T2 il
Fe BRI IET (AL4E rw. auto. nouser FIETI) BETHER: .,

\<ib
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dump B G R dump & TR A SO RS, 1 RAEER, 0 55 AFER
ANEL,

fsck ¥ E 78 M RGHAT U REG KA (fsck) IR &, Z AR 1 et
R H AT, RIGEREEN 2 MRS, 0 BT,

5 11-18  —A/ete/fstab A 5151 :

/dev/mapper/maindisk-root / ext4 defaults 1 1
UUID=70ef684c-7d86-4e32-... /boot extd defaults 1 2
/dev/mapper/maindisk-swap swap swap defaults 0 0
/dev/mapper /backup-doc /mnt/doc ext3 noauto, user 0 0

ESAFHIH T 44 SKAF R S8 B 3 A5 AL AL+ maindisk-root 45 LB SCfF R 55477
fi7F sda2 43X (J] UUID #53) [151F & %/boot AT maindisk-swap 5 _I [1'] swap &
45, XL RGECRH B E 42, ARG AN S AR B e — e
backup-doc 4 [ 3CAF R4, FE3E7E/mnt/doc, K B AR A2, BoAair—meH .

2) Ji mount 54 %

F = ] LLBE IS F mount iy 4T T HbHE3E SCF R % .

mount A5

[zhiie) HE 0 R4

[#%30) mount [ 7] & 4 5% 5

[ixmi]

-t vfstype TRENFRGMNEL. —tauto Ko RS QAT E U RS 2K 4.

o options  FRCHRNIH, 5 fstab USRI SUAH A

-a 4% /ete/fstab ST R T AT SCIF R 48 (B T 47 noauto IZTH ).

(i) ]

(1) ZH0, W RN U RGETE N 4 I A s 4, W AUE — MR %

(2) 25N H F A R S H AT, e S R8I i
HAE S H 3 FRA S

(3) A7 HA ARG TE fstab SCAFH T HEEHA, W4RE I H 7518 & AR IR ER
L THIAT . mount iy 4 ¥R fstab CAF, FRBNWLEAAT, FFH AR 17 Adk T
. i, fstab SXAFWRTTR, W4ESE doc 45 ) H 75 44T mount/mnt/doc Bl AJ .

5 11-19  H2—/> Windows AL 71X, AL 2% 4 sde, SCIF RGeS 0N FAT32:

# mkdir /mnt/msdos ¥ EIHES
$ fdisk -1 /dev/sdc P THEALNSR, AXERHENHSR LF LR
/dev/sdcl 2048 15518789 15516742 7.4G b W95 FAT32Disk

# mount -t vfat -o rw /dev/sdcl /mnt/msdos # #%¥ sdcl IHZ24%
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] 11-20  ££%% CD-ROM  (/media/cdrom H 5% CLA77E):
# mount -t auto -o ro /dev/cdrom /media/cdrom
B 1121 FEEOGAEMUE L something iso:

# mkdir /mnt/iso $ I HERES

# mount -o loop something.iso /mnt/iso

3 IRENH RS

PREE HEE M) R BB, 2 & umount. SCPFRGMIRENG, H2E A H S FERAT
A CInRAE ) B E . R, RESCIE RGN L AGE RS T H 5, RS
SWE SRS MG R A4, REGTECHN S AR EITA ORISR %

umount ‘ﬁu‘%

[hig) PrEl— A X1 R % .

[#%5X]) umount i% &[4 2% /&

i 11-22  HFREEE SR S

# umount /dev/cdrom

1146 EBEXHRZ

A RGN b HE B R AT O i AN R EERE RS, FTCLH] fsck iy 2 T B . 1B
{4 i AE Nost+found H % F .

fsck 7%
[sie ] K20 SO RGeS R S R
[k ] fck [# 7] [3CH £ 5]

[ikmi]

-t vfstype TREIFRGEZEA.

-a HEME ST RS, AR P #A-

: AN SRS, M S ERTE K P A

CEHASY 0. LANR: 1. ARIRCEE: 2. RETESEN; 4. AHEREBER.
[ Ui Y ST ey & 10 N Se R TS 2 1Y SO R 4.

i 11-23 K Ar/dev/sdb2 7 XSO RGE T IER, WA REMEH3MER:

# umount /dev/sdb2

# fsck -t ext3 -a /dev/sdb2

115 & % & &

LR GACIB AT IR P A AT e M 2 e A KA AMIRDG, 38 AR G0 B 2
Ko HLMTRAMRDU AR R . BESN . BRAER, ARG . BRI R

NG 1 9}
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GRA ERV AR R, EEA RN T SR & OriR M. &4} (backup) 2
Fie € IHAE RG] P B AT S BB AL L, BRI EIA R . W%
O AT AT GBS S AT . RS (restore) #8- HLZR 40 HH I kB sl M At i PR3 i
B F R, T LA i s S A, sl Nk e 0 TR SS As R ETK R,
RAFI % O 82 (R UE RS IE W BT I T Bre I A AR AT & O I E 2 mHf8
PRI R0 TAE. DA RV & 0 A O R FEECt.

11.5.1 H0EREE

075 AT BASr R LU LA

(1) 5E8&0r: —R&WITAEE . X EEIEAT&0  &0 I TAEREOR,
RN, (AN A S

(2) HHrestr: &rde LR # 0 et P s . EH &S mkE
TAEER T RN FHELKE L —IREa& 0, R EIE— KT & 0

(3) W&y &0 b — k&0 RS 8. Waso TERD, EmER
W), WEMN LRI, BRIKE GRS MRS

FREE B 5L AR F A AL A DU A& 0 7 RS AT . W T R
1~2 KSEREN, BRARM— K&, SN THERM—XNELD. RETHHTL
MHAT e A A &0 0 R EAR B R A AT RIS Dok dE , I ) 220 el iR S0
I H BN LD I S Ay A — 46 . fldn, P2 ) RSk, /home HFH S IC
PR AN ST IRE A RGOk UG, fvar T IN RGUSATH AR R EHE AT . Xt
H skl R R A& fete TP IINCE SCAFANT EANE S0, 7Rl B U3 T %0
BIRT: fusr Fl/opt HHIGFET SCAFIR D R AR, 238Gl —ik & el . 4k, AT48H %
CUi/tmp. /mnt 55) J& B LB, ﬁ%H%(W@m /dev 55) AL

1152 Hhos

Linux RZEFet T 2 P ETEAL I Rlar & 07 U & TR P T RS -
Jr A% 0y THALFR AR & R4 dr & 28 AR & I I REAE R 4 0 S0 T
M ZESCE, BRI R H ok e AR BRI, H RS A% ] LA
FCA PRI SO, BRI RS AN SCHFBEAT AR AR BUR AR, RIS A AT
He 45 i 308 SCAFBEAT Mo A A He o 5 IR VRS R s 4 i & 03R 114 e

F 14 FRAMESREEGS

.
fiir 4>

n 4 NHREA I BE
compress *7 s 4 R e F SCAT:
zZip~ unzip * zip 45 R Fs SCA
gzip * g7 i 47 R e P SCAT
tar * tar ERTE, H T IAR R
tar -Z * tar.Z RS R SO B, H compress Fs 47 FUfif Fs SCA):
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sk
w2 XHEEA i) BE
tar -z * tar.gz VAR AR ICCA T, T gzip IR0 fg 30 F
cpio * cpio AR TH, B@ESFRER N
cpio -Z * cpio.Z VRS AR ECSCA T, ) compress [T 4 A0 T SCA'T

PLF AN B F I gzip AN tar ar 2048, HAthdy 4 nl ZE man F}.
1. gzip v %
gzip (GNU zip) x4 H 10 SCAF AT IR 4a il e 4, FLIR 462 5 1 compress 1 zip

fr4, BT PAAIERY 4 tar Bo SR .

gzip %

[3hfie ] 5 SCAFIEAT H 46 Rt 4

(4% gzip [ T0] [0

(7]

-d 4.

-1 B AR ST AN R 46 b A5 S5 4 L
x GBIHH RS H ok

v CERTEERERE R

[ ] %A -d -1 T i A T He 48

5 11-24  gzip A FL ]

$ 1s
hoc hoc.c hoc.h init.c math.c
$ gzip -v *.c $54% %9 B0 R FORA .c It
hoc.c: -17.9% —— replaced with hoc.c.gz
init.c: -27.1% —— replaced with init.c.gz
math.c: -45.6% —— replaced with math.c.gz
$ 1s
hoc hoc.c.gz hoc.h init.c.gz math.c.gz
$ gzip -1 math.c.gz $ R TEG A1 R, AR
compressed uncompressed ratio uncompressed name
274 458 -45.6% math.c
$ gzip -dv math.c.gz ##EY math.c.gz L, EFF@miEE
math.c.gz: -45.6% —— replaced with math.c
S

2. tar 7%
tar (tape archive) 4 H 85— 4L SCAFAT BLR— AN S0, FROARIE XA Carchive).

IFRSE H 2 TAE TREX S SO TS b P, anfefdis AR5 AR 35E. B
SCAFEEEAS SO AR O ER 1A SO s — RN IS R S ) i
MC & Mg i 2 M 2E— DA A A In], A4 e o
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tar in %

(ThEE] SCAFARE T, AT i Hox, X B R S8
U4 30] tar [ZE50] [SCHF/ B R 7%

(k7]

- e S EL

-C iz TR e A H R BR A4

-f 3P B B SO B AR B %

P DA R PR RS EE) U ) AR
T EESE SRR YIRS

-t B RSSO A

T fF AT E 1 SCA R e 2 7 R S B 3
u PR EE S a

v THNEEE S (SIS

X UNEE SRR RGN AR E L
z T H gzip K IS4/ s 46 S A'F

—exclude Hk/3CHE A& drda o i H salocft.

[ Z5) HRE, S EHSEORTR E &I B . ZHTLUE S, el DU H %,
TN H s rh (0 BT SO T S A B . AT-T 3B IiE, a2 ¥ Moazadk g s (1) S
PIER I RIS R . R ATSE, BOATE AT Hok Pt e/ H %
T AT -C 2RI E R AR

Bl 11-25 474030

$ tar -cof ~/bak/src.tar *.[c,h] HiTéL* .cAex h LM, ERAEELH srce. tar

$ tar -tf ~/bak/src.tar R TAE LA
hello.c

print.c

print.h
$ tar -xf ~/bak/src.tar -C /tmp #EH —HETEE
$

R A DU A 7 4T WA RS A SISO, RIGTE ERTERA H ok R IR IX 4
Ao TR A H R — A H W B o — AL E . 5 ep -r i 2 =i H A
[l 2 AEAET, tar i@ AT BLORFF ORI U3 J8 ARG Bt 1) 5% & 1t A2 . 7ELL root St 43k
SRR, X ST AT

B 11-26 4T cherry (93 H ks 00 R4, L) A0y H a4, 17 A/backup
Foxke

# tar -czf /backup/cherry-‘date +%m-%d’.tar.gz /home/cherry Hir e

# 1s /backup

cherry-02-21.tar.gz
# tar -xzf /backup/cherry-02-21.tar.gz £330
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#

FE: -z T EEIAT S . A S et 75l B -z kT,

5 11-27 LGN RG . SORIEULHM A, 5E/archive RS L
(/archive A LUZATA CLEEZEM & 405 %), AN 41 /boot. /mnt. /proc. /dev. /sys fll/archive
H o5

# tar -zcpf /archive/full-bak-'date +%d-%m-%Y .tar.gz --exclude=/boot \

>—-exclude=/mnt --exclude=/proc --exclude=/dev --exclude=/sys \

>--exclude=/archive /[
5 11-28  HH & /home H 3k, &0 5 H BB B 1) S 4

# find /home -mtime -5 -print > /tmp/list
# tar -zcf /archive/home-update-bak-'date +%d-%m-%Y .tar.gz -T /tmp/list

11.6 %R % M4 %

RGNS S MG P 2. WAERUCIE RSSO, M R R ST
222 PERERTBE AL T 557 Th A o) . R e A 1) T B Af ] & dr 2 B R % T -

11.6.1 BHAFHNEX
i Tast i H1 w i ] LLRE RS T i B 8 i Bl LR 0SBl s -

last A7 %

| @%i)i1) IEAE SN RES & ¥ F L i iD= SIS

(5K last [ P 4 -] [ 55 +]

[(ZH ) H P 2ie EAETERERGE, RITENEON B &l s
B Bt AR AL FERIHER, RTEEREOA B 2 EE R
FHEAE L

| QULED IRTAZI B Wl

P4 Ek#ym BEXME EXUH ExelE - REBE (FrseE)
51 11-29 IR cherry T 15 sxid % :

$ last cherry

cherry tty2 /dev/ttyl Mon Aug 12 09:39 still logged in
cherry tty2 /dev/tty2 Sun Aug 11 09:29 - down (23:25)
cherry tty2 /dev/tty2 Fri Aug 9 18:17 - down (1+20:15)
cherry pts/0 1localhost Sun Aug 11 10:14 - 10:19 (00:04)
cherry ttyl /dev/ttyl Sun Aug 11 08:37 - 08:46 (00:08)

NG 23}
—
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last fir 2 E1 %, B H ]2 down 7R R G TALI[H .

w e

[ohfE] BomH TSN RS DL RARA I E R AT IR

(%) w-s] [ 7 4]

CUii ) F P 4fe e EaamrI P, Rige P SR 85 H P G st . &
ANEFH P PEE S —1T. -s IR R LUER VR, S PHEAA Es. 5As 4
A R 5 4

P4 HRu¥sy BERUMmAENELE FTWHKHE ERTEGS
5 11-30  WoRFTA T B ST S

t w-s
13:55:55 up 5:54, 3 users, load average: 0.12, 0.09, 0.23
USER TTY IDLE WHAT
cherry tty2 23:59m /usr/lib6d/firefox/firefox
root tty3 9:51 w -s
guest tty4d 23:59m -bash
#

fir > [ &7, cherry 7T tty2 208 5t, ILIEIZAT Firefox W% 8% root 7F tty3 %
WG &3, IEAPIT waird; guest {F ttyd 20 &5k, IE1T 42 bash 7217,

11.6.2 BE#HENIET

R

Mt 75 E R 1) Al MU ARG BIR YL, I £ SR IR P R HERE (1035 3, Ik
by HEU LR ERIZT. BRI egEs.

1. SHETRRETT

AL ERE VS B 175 DL 1K) HE H i ps A top fiv %« ps AT & HE AR G0 I IEREAE 24 i
ZI) K AME IR top A& SEIN MR RGN BEREIE AN “ 427, QAR s T
AR LK i A P 1) B 50 17 0 BV R R

top %

[2hfe] S SR RGP INIEREG S, FRELHEAR B S R AL 1)3& 3 o

(%] top [#£7]

| @GrlD

d [aIFEFEL DT IBRF EOh B . BRIAA 10s.

n PUTHEL TREFEGRERE. U —HIAT N X, HIE q R Y.

[0 ] top M IEAT)E, 4 Womhi A LR L 0T RGN IMH 5L
AUFREAGE T, L CPUL A7 RIAS 2 (R F 5 F R g it s R ko A i A7 i /%
(P HTE B, % 4% CPU AE R HEFI, S R IR W /R FE TS . IX L8 (s R sh A
R, S RS EATIRDL . R4y BRAT 2 dr A8 HAT. F Al AT b AL SN
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top M4 747, WHIRE: “27 SRy, “k” R “o” SRty
“q?! iEII_L]lD
f5) 11-31  H top MALHEREMZAT, FHHE R W 11-4 Fros.

chermny@tfedora:~

SIR(E) 4HE(E). S e (V) EE(s) Zum(n) TEEA(H)

top - 20:44:57 up 8:42, 3 users, load average: 0.06, 0.01, 0.00
Tasks: 224 total, 1 running, 223 sleeping, © stopped, @ zombie

%Cpu(s): ©.2 us, 0.0 sy, 0.0 nl, 99.7 id, 0.0 wa, €.2 hi, 0.0 si, 0.0 st
KiB Mem : 2028940 total, 264416 free, 1174192 used, 590332 buff/cache

KiB Swap: 2162684 total, 2031288 free, 131396 used. 614792 avail Mem

PID USER PR NI VIRT RES SHR S %CPU %MEM TIME+ COMMAND
803 chrony 20 112064 1412 1240 S 0.3 0.1 ©0:008.63 chronyd
6643 cherry 20 B 753624 43664 32276 5 0.3 2.2 0:04.02 gnome-terminal-
7053 cherry 20 O 156756 4200 3456 R 0.3 ©.2 0:02.83 top
1 root 200 0 149448 4736 3004 5 0.0 0.2 0:02.79 systemd
2 root 20 0 ¢} ¢ 05 0.6 0.8 0:00.03 kthreadd
3 root 20 9 a a 05 0.0 0.0 0:02.42 ksoftirqgd/0
5 root o -20 o ¢ 05 0.0 0.0 0:00.00 kworker/0:0H
7 root 20 @ ¢ 0 05 0.0 0.9 0:04.93 rcu sched
8 root 20 9 0 0 05 0.6 0.6 0:00.00 rcu bh I
9 root 20 9 0 0 s 0.0 a. 0:07.15 rcuos/0

E 11-4 top HEHIE AT

2. THBERER

HEFR AR e BT E 1) “ UEEEL” nice. nice HUE: mHEFE AT BAR MM 564,
AT i 4% AR FR B R Wik nice BUBRMCHIMERE HATE @M, R 2 mpls
iy CPU. nice BJRUHIEHK-20~19, EUIAERZ 0. HI ol LLABER S & —> 0~19 1)
nice £, A7 root nJ LA IEFEFE € TfH .

AREFE R nice {HIT T2 A& nice, SAEREFE nice {H 114 /& renice. 7E top fix 41
FrTim R el AR oo 2 VA FE () nice 4.

nice 7%

[IhHEY LLVHE nice ZLHAT T2 -

[#55(] nice [-n ¥ &] [641T]

[ 560 Y46 € -n ZETGET, 76 Shell [F)24717 nice £7_In_ 45 & (11 & RiZ47 85 € 104
A E-n LT, BRIAIEE A+10. HA root Al LAFRE MY &. KigFEMmSITH, &
715 Shell 19171 nice 4.

B 11-32 4R 1Y nice HHAT i 4

$ nice #2745 uT49 nice

0

$ nice -n 5 yes > /dev/null & #ERMERIBIT—A yes #E42
[1] 4907

$ ps -o pid,ni,args #2342 | nice Hfrd4
PID NI COMMAND

1978 0 bash

4907 ) yes

4908 0 ps -o pid,ni,args
$

Emm
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M EGIAT LA H, F nice iy AT yes BEFEM) nice HUETRE T 5, 1 ATV
ps BEFZEM nice 22 ER AN 0.

renice A%

[ D568 ) IR IEIZ AT AR 1) nice 2L,

[#%3%]) renice nice %t #HH &5

Cuei]Y AR e 2 nl LA & nice 2, AT root Af LA SAK AT & nice 2.

51 11-33  Ji] renice 7y A #EHEFE 1) nice #1:

$ renice 10 4907 A yves 42 (4907 5 ) #) nice 3
4907 (process ID) old priority 5, new prirority 10

$ ps -o pid,ni,args | grep yes $FE yes A28 nice &
4907 10 yes
$

3. 1EAkI=

MAENEFIRES (L 9.1.1 49 al LG H, BEFERPENLEE TS ML, HOARL R
T RGNS, MAEWEREFH B MA. Hik, B E &S ET gt
T, LSRN G N e, AL, FEZEUEOT, —AMEMR S N — R,
B FE I BERE S IR AT A A R o 5 B, WM N T ZANE
B OB IS B 1 2 AR ), ) AT SNV T3, AN B b g
A EFE.

T H P AE R — B ) U RBIE AT — A & M G S fibf5 5 N 1938 Ay 2
1), MalLEzir 24 G 18k F P af DFE TR E R I el iz qT, wlun, i
AMENPAE BT IE AT, B ILRE AT G BE G I EIEITE ., XA SRR IRE H. #ln,
M vi AN SO, BRI g, A — RIS, ik
I, ATRLAEKE vi £EdT, [A13) Shell by ity , frdinsioe)s, THRE vi II21T.

DI TR (R AP

F jobs 4 o 2481 Shell 15 sh BT A L VG SPRE . T jobs fir A5y
i TR GIEAT, e r SR 2 i A HE e s Gia 1T IE k.

jobs 5%

[hfE] o Shell (A1 .

[ %57 jobs [-1]

[ H7 ] jobs 4 H ELFEMEML S o MRV S AIRIRA L RAR AT B 24T, -1 ST
WA R S PID. ENEFPIRZAS AT L2 running. stopped. terminated. done %% .

5 11-34  jobs iy & FiZR il

$ yes > /dev/null & HEE & HAT— A4

[1] 25054 ( B7-4E5, 2425 )
$ vi abc LB vi BF
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<Ctrl+z> (Efrdialde ctrlvz 4b4bR )
[2]+ Stopped vi abc
$ sleep 60 &
[3] 25122
$ jobs -1 2T A AR A
[1] 25054 Running yes > /dev/null &
[2]1+ 25120 sStopped vi abc
[31- 25122 Running sleep 60 &
$

PR G 7 R R MO, AT 7 R I3 2 R
T, SRR

2) PIAENk
bg Ml fg A H TN G 5E 6 28k, X4 ks T
bg [1Fk5 ]
fg [1Eik5]

bg i 2R EMEAE G G IR EIETT, AAaEME S BRI G ar (e T 8/ . 3%
GR35 & 1505 Culvz BESRMEL, S8 )5 H be @ X MENTEG &
WA IZAT -

fg fr & fR e AERT B R EIZAT, FREIACH SaTE k. RIFE LS T ERKT
MATTENEE TR . B E B VRN DR B 6 A 7 VRS2 H jobs 2 B AR GRS,
fg i S L EN T 1817 .

3) HEEEFE AR

Hlg R gt ke B E AT, WA ES. s LA ka4 R R
SIGSTOP {55, B: kill -SIGSTOP #FE'5 . Hiai G1Ef 7 Culvz 8. #7%
Hild)5 5 /E, nrite e s G k.

4) PR EFEAE

WS R A E ANV IS AT A&, 4REE AT IE A EOEN kil A e kK
SIGCONT {55, Bl: kill -SIGCONT 25 . *F LR IE ML n/{E ] bg 5% fg iy 4 {1
W ZIET .

5) 2L R AR

SRR R I HE T, TR kil @4 ek SIGTERM 159, Bll: kill i
Fig. Zabar AR Cul+e 8, ZbJE GBI H 4 kill %/EkS .

il 11-35  fEAkAE s s

$ cat > text.file LT & PAIT—A cat #AE
1st line.

2nd line.

<Ctrl+z> (& cat #42)

[11+ Stopped cat > text.file
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$ yes > /dev/null & S & HAT—A yes #t42
[2] 5551
$ jobs %7 L ATAT AR

[1]+ Stopped cat > text.file

[2]- Running yes > /dev/null &
$ fg 1 #3441 5V kA B AT & B B iEAT
cat > text.file

3rd line.

<Ctrl+d> (#k cat #42)
$ cat text.file

1st line.

2nd line.

3rd line.
$ jobs

[2]+ Running yes > /dev/null &
$ kill %2 #2002 SAEL

[2]+ Terminated yes > /dev/null &
$ jobs
5

4. ERENHTE

HERGHEY TE (W& A9 s dihin B 5 SRR 2, KX 1
VE AR B A AR AT LS A o IXIAT IR R BEE AT IR B, SH5e 48 e aF E5e sl
AR5 S HGEAT I TR, WA — 31, REGEa A i R 2 HE e X —b) T4

W EEHEFRIEAT Iy 4 B AT at B cron iy . at w2 B 4R35 ¢ (I 0] )5 2)— L84 5%
AT, (HERBAT K. HaTEREBRITES, WI7ES H B0 5 s E 2 58
2T 55, B cron A KT T .

at iy &

[2hae] @S — AR, TRAFEBATS, fE3RE IR B e BT .

(%) at [-f SR E

D) e 73230 at s NZSCE e B ar 4, 75 s A BrifEdi A T ER .

[ Z40]) WS EH TR 2 AT A at RVHEH— &5 2% (I TR 715,
A L& 12h 5% 24h VI, R AT RS T LSO 1)1, 401 midnight. noon. teatime.
1:00am 55 . AR DOEZanr HI3H, 0 n] DUE AR H 8, Q0 today. tomorrow. 2days %% .
DO 26008 T HAFN 24h VIS RN [R] & aRyk, o G BRIRSOR 7 A= 1o IR 2%

at i A — 4B 4. ., atq @ H T EFIERPATIELRG R, atrm
7 2 T BHBR — AN IS AR AT IRk

atq 72 [ — ks R

atg

atrm iy 2 1) — Hokg A R
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atrm [FE5]

51 11-36  at Ay 2 F v~

$ tty 40 E 5 AT AR ) 6 43R5 & S
/dev/pts/0
$ at 3:20pm today #4282 A T FF 3:30 74

at> echo "~GMeeting with the director at 3:30 pm" > /dev/pts/0
at> <Ctrl+d><EOT>
job 1 at Sat Feb 18 15:20:00 2017

$echo "mail 'Happy birthday! ' mary" | at 17:30 02/26/17 #i%E %% |7 1& &4+
job 2 at Sun Feb 26 17:30:00 2017

$ atqg

1 Sat Feb 18 15:20:00 2017 a cherry

2 Sun Feb 26 17:30:00 2017 a cherry

$

MEEN 1 P RS A,  n SE PR AE Sy L AR, AR be 8 L IS s s
BIFmE . R W TR “NG” AT E S % Culyv FI Crrl+g B . 44k 2 1
SE R TR BN, 4 H 3 H) mary &% 4 H g IR .

11.6.3 EHARFHEH

WA N A RIS i 20 free v ATIAWRIA R UFE AN (Mem) . FE4,
(22N A7 (Swap) LLERGZOAERIZE X (buffer/cache) .

free 6%

[Zhie) EoRNAFIA SO

[#550] free [ 7]

[iEni]

bl-kl-ml-g BT I AT s AT AL R AR O
-s [AlBEFbAL FREE A AR AR

B 11-37 A WA L

$ free -k #VAK A AL R T A B a 48R
total used free shared buff/cache available
Mem : 2028940 1099828 144268 9268 784844 699044
Swap: 2162684 2392 2160292
$

11.6.4 BEUXHRFHER

W R ST 224825 1) (R A A v ol LA T df AT du # 4. df (disk free) AR AEAGHR T
A AR SATAE 25 ], du (disk usage) U PLSCAFRAT H 3% 10 X/ R 4k 4o v 28 [a] [ A

N
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M.
df fi5 %

CThfEY GEvh SO Z g3 1 AL AR O o
[T df [ 50] [CHF]

[ikni]
-h 5 T B 5 U U R G AS R
-1 W X RGN R T B R

Bysize fRTEATAEII KD, size TLIE Ky M. Gy T, IRl K.

T WoRSCE RG2S,

[ B ) w5 SCHF SR Bz SO T E I SO R A S B, ISR T B H2E
P RETIG R Boakg AT

XRG4 KA BHAZTEAN wEAZEAN CHZHELA HEEL

5 11-38  df w4 it

$ df -h FRTHA BRI AR
Filesystem Size Used Avail Use% Mounted on
devtmpfs 980M 0 980M 0% /dev
tmpfs 991M 4.0K 991M 1% /dev/shm
tmpfs 991M  2.3M 989M 1% /run
tmpfs 991M 0 991M 0% /sys/fs/cgroup
/dev/mapper/fedora-root 27G 6.9G 18G 28% /
tmpfs 991M 200K 991M 1% /tmp
/dev/sda2 976M 98M 812M 11% /boot
/dev/sdal 200M 8.4M 192M 5% /boot/efi
$

TEIEH], sdal. sda2 43 [X I fedora-root 4z I 1) SCAF R 40w A L 35 b SO R 4e
735 M boot/efis /boot. /o FLAR IS EANATAE T NAT I I U RS b devimpfs &
W AT RGi/deve HANEF JLAS tmpfs G CPF R S8, QFEREILZE N7 /dev/shm,
TR A R GG AT A B/ T B U286 R 40 1) /sys/fs/cgroup LA K AF TR IR SCA 1

/tmp .

du 8%

[ohfie] Soil H 3 RSefh b R MR 2R ). nf LS IR 5o 7 H S RE S A A 15
[#55K] du [#£70] U E &

[iExi]

-a GEihRE Ha FIATA H 3 BOFIRIRN

s WA RS THE B

- ST T s @
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S

k| -m  FRER AN AL

[ 240] f57€ A A ZEO, o O FIRERL 7R 8] s 4685E Hosoh 280, o H
A BN, IR BRI T H R A IR R R ATRE S EIWERAN =
A H = WiRA-a &, WER&0FS Hx S A5,

5111-39  du 4 sl

$ du -hs /home/cherry # 27 /home/cherry H & & A& = H

398M /home/cherry

$ du -ha ~/pictures + % 7~~/pictures B X T A LHZR F & AKEE

96K /home/cherry/pictures/20-52-28.pnp

480K /home/cherry/pictures/21-00-05.pnp

116K /home/cherry/pictures/21-10-45.pnp
696K /home/cherry/pictures

$

EE: LW H R SEBRAC ], e BT B RG2S R S e R AT i e i R
AN CEED 4KB) 354 .

11.7 % # = %

7E Linux RALEER, ZEFFIEM T AR RGN 23E . 7RG igeT
STA], AT DAARE 7 S s B R e . RS R BN T — AR T R e
B, JEORFEE I RAR T3

AT RS Linux BN A 4de, A% Linux FR40010 2% W% A

1171 RENITESRE

B LA (package) B RAT . AR NF AR AN AR ) I A7 R Al
SCRAT AL — R 1T T R — > AT e i AU S o AR iy A7 e T 2 2 R 5 R,
W2 E . RS B OO R . BRI AR B AT I 2 .

5 Windows FR 4t A [r), Linux [F) R0 5 BT 0L setup.exe HEFE K123 R A & AEIT
WATTE N RGN M. AT =& ARG AT s F R EE M H R T, B
CCECE SCHFRITT . BTLL, TR ecde TAESE 4T LLA Shell 4T Toe. Ait, T &
GErP ) & A 2 AT AT A A 2 MKOC R, 7R I 75 SRS WA i Dk Az )
(FIRCH S o 5 ) (. BRI, T (iieeds, ZHORATHMR STt A, =
Al CASERCHCIASIN . L. WIS S T IR, e TAE R M.

Linux #AF EZRF LA JUAP 7 U AT A1 2225

(1) KFMESE T AT RAT ARG AET 7 202 H tar fr 4T G, 2edemt i
tar i HFBFEA H oK o 0 X R AT S 7 — A Install WA SCHE, BBEEATHIA]
SEREEE . F AL Readme Z RHGFEBI UM, FRAETEAH 1) 2236 0i ] .
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Linux JBIERGEEN, RIPSMWA (56 2 k)

(2) FITET B T AW RAT. REIERITRGRIT . KEH
Linux R ABHEE— DL T TOBAF S T H, FFAE XA TIUEEAET 0, H )
Meskade i, 1 THRER TR, AP ARSI RENAT R, AE3ser
F ) e B AN ARG IR R A W AR A% 2017 Red Hat/Fedora 1) RPM #X £t A
Debian/Ubuntu ¥ DEB {41

(3) i MERSTEFELR A RAT S HH. HiT, 2% Linux 2020t T a4 7
WAL T ENNThaE Tk, A R HiAR, Az I, 2
AR B AR Z s KRR T A A (e . oA AT ML
T HJEIET RPM A[K) DNF A13E DEB £L[f) APT.

11.7.2 RPMEH4BEEIETE

RPM (Red Hat Package Manager) 7 Red Hat JF A IR B AF, &Rkt
BoeEm B S . PR T Red Hat Linux 4#F, RPM it/ 32 MW F 3L 4th Linux AT &
#t, U1 Fedora. Mandrake. SUSE. CentOS. YellowDog %.

RPM T HATEHLL RPM & AT B . {EH RPM T H A T
HAFHE R ar 20 . S ) RPM 1 RAT I 4 R R

B B - R T - RS BATHRA BT 5 L rpm

AR, BRSO “pm” JEE A AT, LRI E, R T REAN ] .
i, gzip-1.8-2.£¢26.x86 64.rpm K UZIM 4N gzip, FWATH 1.8, KA T
K2, RATHA N fedora26, i&JT] T x86 64 MM 6. k. 2RE MR
MAHKEA T “mpm” G484 . B, LEH gzip MU EZEGTILLE N
gzip-1.8-2 fc26 x86 64.

B TR At T g Sh, RPM AT 41 R CL A B fik, AT DL U G i) 22 2% |
THER A 8 45 R DA dE S R . 4N, RPM T A (1 D22 R (045 Bad s 28—
RPM i Erfr, BT T AR F X AN B R X RGP O3 n - AT &l . R0 S5 4%
Y. P IXERAEH t rpm 2R SE .

rpm 5%

[ D8] & H RPM M.
[#%:0] rpm [# 7] RPM &
(k]

1 EZRHAT .

THR A

Rt E QR RERENSW

R A A .

AR

SR PAT R FRATEANAE L.

Lh oLb oot
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-h BORPATIERE .

1. REE5HERPM &

LR LSRR SR E]L BRI S A SR IER € H & . A RPM
LA, RN I — 28, RPM $ T4 O 2 0 A A i B s AE
— AN (A var/libpm), TELAG 4238 TR, Bl B4 A 3R/E 1, RPM
HBEE X e B A s TR I, LARS 1k B IR A S R R AR A P 52

R PR AT LU LA B

(1) ARFEERAF A R R K R R AT &, AP A ER L
g

(2) AT “3em 7 ATEY, AR fflE&.

(3) fifH SRR R H P (SO R B I E R AL B, T B G ST A B 5 U 12k

(4) PATERAFE ) 238057 AT, MG b,

(5) BB RPM EHi %, KT 228 (A BAR A Bl s B R

TR AL S L3RR A A —RE R, MU I 2238 5 S 3T A (9 TH RRAS
RPM KA T & GeA AR BE, & T LR s O B T RSCAS b B P A e &, A6 HOE T8
WA o

LHET PR ALY, FAeE RPM B FEEIANL, SREHIT pm @ 4. LR
WET, FRRATH-U &I, ZECV R RIT .

5l 11-40 R HFJE D SC A way

# 1s wqy-* & T 360 way 246
wqy-bitmap-fonts-1.0.0-0.11.rcl.fc26.noarch.rpm
wgy-microhei-fonts-0.2.0-0.18.beta.fc26.noarch. rpm
wgy-unibit-fonts-1.1.0-18.fc26.noarch.rpm
wqy-zenhei-fonts-0.9.46-16.fc26.noarch.rpm

# rpm -ivh wqy-* PEFE wqy B, BTRREES5HE
Preparing. . .

FHEH R R R A Y (100%]

Updating / installing...
1:wgy-zenhei-fonts-0.9.46-16.fc26

FHF R R R [ 25%]
2:wqgy-unibit-fonts-1.1.0-18.fc26

FHEHHH R R R A RS [ 50%]
3:wgy-microhei-fonts-0.2.0-0.18.beta.fc26

FHEFHHH R R R A Y [ 0%
4:wqgy-bitmap-fonts-1.0.0-0.11.rcl.fc26

FHEHHH R R R A RS (100%]

#

EE: Hrpm AT RE T T TEE, REEs BEHEET. 32
BEM P Az T H (ndnf, W 11.7.3 %) N 4716,

NG 33}



ED/  Lnox BERGEGE. RIPSKA (552 0R)
~

2. Eif) RPM &

RPM #idi e ic sk 1 iy D2 B nfs 8, Wi mpm 4w DL X Lefs
Bo B AF]-q B, A FAR L AT DASE B A A M ER A . T

-qa i pr A O 2B

-qf  AWR AR T E GEE: B2 € IR PR IE 44 ).

-ql A R

-qi P AFRI LR A S R

5 11-41 i) 222 T UL gec AHIE A4 -

$ rpm -ga | grep gcc

libgcc-7.1.1-3.fc26.x86 64

gcc—7.1.1-3.fc26.x86_ 64

gcc—-gdb-plugin-7.1.1-3.fc26.x86 64
$

5 11-42  #xif] gzip 0 I SCAFIF 20560 B

$ rpm -gql gzip
/etc/profile.d/colorzgrep.csh
/etc/profile.d/colorzgrep.sh
/usr/bin/gunzip
/usr/bin/gzexe

/usr/bin/gzip

/usr/bin/zcat

$

5 11-43  rif) gzip F27 )8 T WA A -

$ rpm -gf /usr/bin/gzip #& rpm -gf ‘which gzip®
gzip-1.8-2.fc26.x86 64
$

3. K3 RPM &

R AR AR T ¥ O 2 MR A rp BT A7 SO 1A 55 A7 A 7 P 00 12 v 17 D
SRR A I SO BT LA, B A2 5 R ) et —Ff o WA BEAT 1) B0 AN4in H AT
gESL, WA AN SO ), S5 SRR 2R 4R — > 9 A7 PR BT 7
Kiki: SMS5DLUGTP. 9 M ERFnldCERSTI 9 Mg, BT R/ B, ke
AN, WS TR B B4l MBS RATT RE R . FZSCIFR AN B A
AT HCE, WFEAMN P B BB RERZEE AT, Ba KSR TR <7,

BB A Al -V ik, 20T DUS B 42 B4

5 11-44 K55 gzip BAF£:

$ rpm -V gzip
Moo L. /usr/bin/zcat
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$

Wt A RARYT, gzip B zeat SCPF H AT PR 5 22 B (O IR B UAN 7]

4. 1% RPM &

ENERAT LA LK B SR 22 B2 W ST I A I B AR 11 0, Rk A 2 T A A
KFo. WR A TIQHMT B A OMIELE TR, #0% B @8 7, W A fiAREIERZ
ri1.

RPM TEEIE AT, EEIHAT LT L RAE:

(1) RS A RS RFR AT &, B DR B AT SR R AROR T e A A4

(2) PATEAFEL BT AT, B BT AL R

(3) AP SRR, BB TR .

(4) PATHAEL T NS AT, OB 35 AR .

(5) BT RPM Edli 5, MRS LmiaE .

HIE RPM A - LI,  Z30r] LU 342 B R .44

5l 11-45  HIALH AL open-vm-tools:

# rpm -e open-vm-tools
error: Failed dependencies:
open-vm-tools (x86-64) = 10.1.10-1.fc26 is needed by (installed) open-—
vm-tools-desktop-10.1.10-1.fc26.x86 64
# rpm -e open-vm-tools-desktop
# rpm -e open-vm-tools
#

e, HIEEIE open-vm-tools T AT ), 445 open-vm-tools-desktop < #i
FIXAML . ¥ G — A ENE G AT N A A, ENE T .

11.7.3 DNF#H4EEETE

ffH RPM 225 FE Z R LT 8 S B B sl 11, F RPM %235 —/MK
AL, RPM 2RI 5 A SR 2 [ A OC FR s 5 B ) 38 D T 37 2 2 e A
IR SRR B A CORAEE, SE B M s A, SRS T 2 A
SFF R RPN R, T LA, (HLEE S 2 Fb T HOminT, AR Rk SR IR

R ITTAERAF I 2255 5 H R AE, £ Linux REEE T ¥ &2 MRS TR,
Ul Fedora 4 _L:[1) DNF Ml YUM. Ubuntu 5% L) APT. X8 T FLIK B R4F 4 2 figfg
H i e SR A AL AR 1) Y e — N AR AR, BT AT AR AR A Lt — 9F
LR 1, A AR R Ll IR TR AN i r] BAR TS MR R L SR A
P Rl e e i F 4, et Aehhig R, FEMweds, Nk, [EHXET
FRT A 23 e b 52 O A 1 2220 . AR BT

DNF (Dandified Yum) & —/NET RPM AR TH, EMEH & YUM
(Yellow dog Updater Modified). Hfj, NDF V) 3z Mo H F4f FH RPM 2144 Linux
RYGCA . DNF AMYLGHEE SR, 11 BRI EW -+ 5 . Wil E, DNF o] LME

\<Bp



336) Linux JRIERGEEN . RIPSMA (56 2 k)

FH 2 A T EIBER _E 385 (repository) o BRI U E 40 2 7 B 75 R AT & Rl s
RASIE) RPM B0, 33 A % 5 22, DNF A A] LRI Fh e = 5 N 84

dnf ip %

[3hile] 2 RPM #cfiH (o

(i3] dnf [3£57] (44 ] 2]
77

cy  RIBAT IR P ) A LR yes.
-q  ANERETHHE R

[4]

install GAREFRE VAR,

remove IR E AL

update THE AR E AR, RIg e AN LR TH R R 48

list [ 101] HRAMFN G, BT e AR, K e SR
B o m] R TVCR R E s 1925031 installed Jfy LU %235 (1], available
Jy vl %61, update AT S FTRRAR I

search “FAF 8 MRACHEF AP A GER 2 R AF 0044 PRI

info ToRiRE PG R
group T4 XA AT E N dof 7%, 2 AT LLE nstall, remove, list,
info %5,
5 11-46  H dnf iz 235 BEIH A %4
# uname -r & & ABEBRS
4.9.9-200.fc25.x86 64
# rpm -q kernel $#F LKA A, Fldnf list installed kernel

kernel-4.11.8-300.fc26.x86 64

kernel-4.12.13-300.fc26.x86 64

# rpm -ga kernel* | grep 4.11.8 5108 NN ITA &
kernel-4.11.8-300.fc26.x86 64
kernel-modules-4.11.8-300.fc26.x86 64
kernel-core-4.11.8-300.fc26.x86 64
kernel-modules-extra-4.11.8-300.fc26.x86 64

# dnf remove kernel-core-4.9.7-201.fc25.x86_64 #MIR W\ AAZH.C O
Dependencies resolved.

Package Arch Version Repository Size
Removing:

kernel-core x86 64 4.11.8-300.£fc26 @anaconda 54 M
Removing depended packages:

kernel X86 64 4.11.8-300.fc26 @anaconda 0

kernel-modules x86 64 4.11.8-300.fc26 @anaconda 22 M
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kernel-modules-extra x86 64 4.11.8-300.fc26 @anaconda 2.0 M

Transaction Summary

Remove 1 Package
... (HERE AEAR X 4 A E)
i

WETT 5, THN I A SR A 8l B, Nty 2 Tahiskr. 1EE, THUen &
LH ARG, HABIT IER G AERR AN @R B — el (1 0 A % DL A R A
1 11-47  F dnf fir &35 HOH AT

# dnf -y install emacs %% emacs B A6

Install 11 Packages

... (BF emacs XM 11 MktFa)
+ dnf -yq update #I- R A RS
#

MELEBIF AT A, F DNF 3%, THE e @t Al JE % 7 K. {4 DNF JF
ARETERIUN RPM. 5 AT W PR RS &y e DO F54R4E, HI RPM I
N RIEAT R

>] R

11-1 RGN EATF A2

11-2 &4 L fF/ete/passwd, 5 R4 2 /DA A Gk w7 .

11-3 45 A Shell JA addusers, HIJREZRIN LA 7. ZE i H 4 LLSEDE
R, A4 N temp.

11-4  HHUH T joe Al LAFI MR 6y 42

11-5  H Linux R4 By A3 m). G ANTFWEEE 2 H), WA sde2.
BRI XL ext3 UM RGE IR RN AR R Gk, T AT Ly &2

11-6 AT AFE S H g5/ tar ap 4t cp - g% 4T 2

11-7 DU R an 2 m & m © — MEa 0 Cobsgiea MNED 2

# find /home -type f -group project > /tmp/files
# tar -cf projectfile.tar ‘cat /tmp/files’
# gzip projectfile.tar

11-8  FMM BT A foo.so SCIF, Wiz LG 77 SN 3 50k /246 12

11-9  FMPM R T A tesh-6.06.tar.gz 04, Wl figd JTiX A4~ 30442

11-10 el A —N i 2 Wb M0 R G v T A UEFR 0 S B 2 o] B — Ay 4 o IE AT
A[HAT AT RR G B 202

11-11  far A at iy 4 & AT HAMTE 552

NG 37
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Linux J& PME Internet PR JEFUASER ML IRIE RS, B R&TENMEIIGE, 1
W AEVERE ISR AERUE M IR Tarth (0, AR E S E SRS T 6. AT,
1 Linux RGEMIEA R 28 W ] I AN A .

12.1 TCP/IP WM& +HR#E =

AR ZE A EAS [E PR B DA TSI 2 & LAl s, e L4k
FAS VA HokERE, 70 MBI ME 240 A M 458 A5 B iU I8 BB S B S
PYRIETE, TCP/IP W48 e K H TCP/IP WriSERE T i 5L 4% R4 .

12.1.1  TCP/IP MY #Lik

Rz FA SR AT S, EATTERE R LA R s SNEE T m T Be A T AN
Ao b 7 RESS HAHIASS, 1HUbEEAE, eIt m g g Fh a2 e, XL e RO L.
FIMSCE AR AT AT T IR (PR AR5, 2 8 ST AR A LA =CAIX e s 20 o

FERIGE R vE SOLZ T CLRESS EIRG, A2 B S AT #EAG — PR R B il it At
TCP/IP #pi¥ . TCP/IP Fpilldic ¥ /E7E UNIX &4 FAFHY. BE4T UNIX [f1pkZ), TCP/IP
B UNIX 2GR HEM 25 103, FF3% Internet [T 5 ARPANET FIT K4 . Internet
WA )5, TCP/IP H AR ACK Internet [ERE ML . Internet (RN FE A L) F
TCP/IP LT Ve vh, IRAEE LR FREEsE 1) Internet HIEARAE.

D 28 LI — AN A% IR ), T R T I 2 P B 4 A LA S 2 ol I8 FH 5 oK 1T T
My, FmwEEs ZE2REML. FTLL, TCPAP W sehr Ao & T 2R AS b2 U [0 A
(R N R, e AI14ERR A TCPAP Whisik . TCPAP WU K H 17 IZ R 41 214544,
A5 B, MNHE, 2. HRE. #REMYEE. FEWCY LEWMHL
%%, EBEiGid s L ER T ZE BN B 12-1 o TCPAP PR 2 IR 45k K .

PR ERE T M 284 LRSI B A 5055 03 SEEL TS R 40 2
. (EIX—Z b, WHEHZ MR (N JHIR RS FfEdm i (R,
8. KER(GES) MEIEE, LiaPrfss.

i 2 S B i 1) R a6 R, Mol (frame) 2 J07 [ 9 2805 EAE 3 0 B
(PSR FIH 1 il —ub A R bt . B R R R Z P AR T R SRR
A I B H AR HLAT R E8 2 11 1o RS 2R A AN A R P R T (450K, $e b



B12E MESBSNA  \ &

N H 2 HTTP, Telnet, SMTP, FTP, NFS, SNMP, DNS
&5 2 TCP uDp
HHRZ IPv4 / IPV6

FER Ethertnet, FDDI, ATM, PPP, WiFi

VIEE 2 B &EMERN IR

12-1 TCP/IP thilliEHI B IR EHE

DL, Yeer ™. ATM. PPP 45 . o4k WilFi %,

HIRZE BN F AR P BR S, B IP #0130 (Internet Protocol). TP BMiSCRE ik s
5% Internet B L T4 08, XLCEIE PR A IP £ (IP packets). B4~ IP Gk
A BB IR A H bk, BRCh 1P Huhk. TP PRSI TP Motk 5] H [ 1P Huhl:
Z IR . R R BB 2 0 s B SR R D) B R i 38 A A% 3 2 FR 2 I 0L F . I
J VA TP P IPv4 AT IPv6. BR T IP FRid4h, IEEEAT IGMP, ICMP 258i%,

ek Z M AETH N2 [ $e i 2 (end to end) [MELHGE T . f&5)2 20/ 7>
RGNS NEE B, BEER TP L, R P EEhSOHAT A . AR P AT
i, R TCP (Transmission Control Protocol) #1 UDP (User Datagram Protocol). P+ (1
FAAHLEIA AN . TCP 2 — AN OEREN . Al SEREE UL, ETE N R (a i ar
A AT SE AR 1R, A AR 2 LA SRR R S S AL T ORAESCHE 52 8 1E A B3k H At
TCP FpBGH & A B SOR MU P SOR NV HT, WSO R W st %% . UDP
FETCIEREEAS i, BAGRIEAGEI AT FEE . il 2 Ui & A AR R UFE €2 iSO
[A R IEMUFAEF], FERARRRIEEATRE A RIE . ALd UDP LR, &1k g
AN, BT EE TCP AR 14/, UDP &4 IR PErE S s s, W T gk
AN, W QQ FERNI IR MRS . AL4 T e Az 5 Y F E K 15T

N E PR A N B AR e 2 [l () ELIE, AR i sk A% 4 2 W SO AT 2 i 5, LA
TSRS N T . F TR BT HTTP. Telnet. FTP. SMTP %, 437 f-F Web
M55 RS, SO IRAAE A N H o

Tk R BRI E VR ERE R AR SEB, 1 R 2 SO0 B 4%
GwtEE P tm .

121.2 P it 51

6 TP Bl AR FENU VRS A EHURF— A — bk, B 1P Mhbk. TP
Mkl 1P Ze AL ENLIT L1, B G LA 47 AN Intemet (1) T1SEHLASHAT 22 —A
ME— 1 IP ik .

IPv4 [fy bkt —AN 32 A7 —UF I, JH R A i bR s, B 32 7=
BEBIELIY Ay 4 A7, A A T aE I Ao, TR e R 491 192.168.0.3

e



./ Lo BERGG, RIPSKM (B2 i)

~—

IP P sE T JUANE R dl, 4 127.0.0.1 ASHLIGEER IP #uhl, HFEPmAac
RAEF G, 0E TSR 25 N R T . TPv6 [ Hihkd he 3 128 7, 434 8 41,
B4 16 A HEHIA, H P NERBFERS, PEB T R, fl .
ADS80:0:0:0:ABAA:0:00C2:2. IPv6 [FJASHl A3 Mk 0:0:0:0:0:0:0:1.

B2 AN 1P HuhbAE LAz, AfTsEes s L EML R — N5 e i 4
5, XpsEE 4 (domain name). W LB —HRES TN A —NEL, ERRE S
TERECM By M A RR . AR P R4 Vi e 854y, RG2S A 3R LR 1% ik
AR 1P Hutik . A4 FRAERE S R TE SN LA 2, A IS A g I 55 2 17 0 T
WA FERA . 5346, —A IP Wbk DA 24848, — N mT LU 2 4> 1P
Mtk

845, MG RGELAFHIRA Aot SIHE Internet AR/, HEHE
I AN I B SR A A B TP MR IR DG R . (HBAT Internet [FIRIERZIK,
] BRI AR, TR HEAE T 8844 245, Internet (1144 245 & DNS (Domain Name
System), ‘&AM RERIGHE R 70 A B FE R SE, EHEE WS UG R4, FFR
TR A B TP Hidik. DNS SKH T B0 K E I, e MEs R £
T RZAE RS, O (domain), — NN X AT RIS A AN T, BN — M
o EHLRBEA S B WL AL PR )= IR a5 % Nk A2 4 . DNS fRuEfE—A
B B F A B L AL R ME— 1, M PRIE 5 BN 25 P ) S L 44 I HE—

WAL — s b

IHEL . ZEBBL . B L TEIR A

41 mail bistu.edu.cn, BRI 4 & en (TED), 4L 2 edu (BHEM), =
A bistu CIERUE BRHERE), FHLAE mail CHBARIRSS2%).
32 DA T TR HR s A, O H B P 44 IR )

12.1.3 #ilim A

fEfk )z 1, TCP/UDP HhSUSEEL T ML S ML) 0 8em s, o IR T HLA%
LM TN (B, mEMERERECE 2 EHLERN IR B4, HIEHNAZIT
PR E (K Bt QAR IA WA T E RS 7 320l 5 ) B P s 1 1

Pidii - (protocol port) Je—MERPFEH, it T AmREIADL LE Tk
FHEREMITER . B4 B MCEE FIBERR AT — M 1 11, AR 2 K ) ok
kR TR HARENLK TP Hubksh, B — im0 5. S8 ORI Hir N, R4
R AR B S 1A S 115 HLA 2R AT O RERE <

AR AL ARk, BERELEARAR IR, A TP kb At HE R R o b, i
5 U2 AT IS 04 o BEASXPAMTI R AT AT — AT . [EPFIEAS i
A+, i 1P HhE BIA EHUS, EHUFIEEE RN PR &8s (L i Sk B e R
NGNS, RIFIERIZ H b 7RSI b, S I SERUE A, $RAE RGN A
BERESTIC T ASETET RN, S 4 L 10 sy 1 R 4 N AE S A A e, 1 - 0k 1 RER I ) B
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AN RN S TEREBA S b SRR RS

RGBT W 28 N R 45 IR E R 2 s 1 5 2 P TR AR 9 A2 B B s b 288
FEANPRS LR AN IE SRR, W 80 139, 445 %5, Sk T{E &/, TCP/IP 5
T 25445510 (well known ports), JilE A 0~1023. X &k 145 BRI S AR 5%
(FEARGEE . ., HTTP Wil B A 572 80, FTP Wl iEA Ay 15 42¢ 21, &/
FEF Candn e sy ) e U7 ) R 55 2% EATLI U FR e I T s R 2R 8 hetp://5X, fp://55),
H b 2 45l 2 SR b K138 2o B3 (R B2 B4 o 11 T

12.1.4 FBF/IRSGARERIAEE

KR4 TCP/IP R R PRS2 A58 . 20 7 R 55 s AR R0 . F ARl 43 Ay
PRy s iR R S R, EBATTER P AL b IR R RS AR
IBITEM S FRIRG % FAL b R 5SS A48+ TCPAP 1N H E A, eMRH
TCP =% UDP tpis i, Jf FLBRE RN A P SO AT I A, R S o 1) P9 4% 1
FThiig. [ 12-2 $ik T — st 28 15 7 i 55 38 A AR Y

HiZuml R

ZPHRR RO 162 ] lipd
] 0
L |
i 55 3 L1

Bl 122 —AHRBNE /RS FREER

VRS # A8 B A IS HERE S 2h ) RIRFEHa AT, W S0 S 01 L,
SRR K. AR E SRR SRS IR B, B INRRE, RENE
SrHC MmN L, RN AT . 2 IR S5 A8 AU AN IR S5 1 A IR S5 3K
T AR 12 AR SS SRR N 2 I K, SERTR A BI3RAE, SRS 4 SR Bds i
(K75 P AL IP Hchk AT 1, K ah RO RIS 2 Ry o XA — AN S B AL B FEAR O —
Y/ Gagri

2 ) R S5 i TR A2 AT DU [ r) 22, AR AT DU 1 m] B ER IR o 1 [ 4 (1)
Jr AT G AT e A TCP 3&EH:, i XA ERGATELL M A s, 1548 H
SR PERROERS 1) AR G 7 UL AT AL ERE, VUSRI — ot k%
UDP s uk e AL H. .

LA Internet ] Web Hi45 M fl, Hefit Web M 55 (4 90 sk _EAT7A R o0 B8, FEqT
15 Web 55 ZEFE hetpd SRS FUX S 00, AR IRMEPEEIRS . Rl Web 7= PR
CHHZM A Uik Web ARS54%, Uil 2 edm A g —BlUE (it (URL). URL
e T UL S8 R4S BRI 3 48 DL R vl SR 0 (L) [ 4 FK, Wl hitp://
www.someone.com/page. 1, http & Web [ [T] /)1, www.someone.com ;&> Web

<D
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~——

45 At 4 o hl, page &M I SCHFE4 . MM 48T —4 URL Ja, B3R 4
A~ URL 5455E RS 45 11 http o V%R, SR )G Web M UERE34 7 1015 SR R 2105
B ] DT ot = S D UR /TR 2 LR (AR AT LA B D TR T TN D,

W R 25 BEREAS FH AN 2 A0 44 i 11, A o SR —AN S L1, U™ a2 5 A i
Zu I, JRFE URL th4e8] % . e, fRUnZRSS4EA4 hitp N R P R (1) i 152
8080, A EENAM 80, WIZEVS W] ALE I URL J& http://www.someone.com:8080/
page.

12.2 Linux M8 B # A

Linux RSN, mHIT @S BAGRER— SE A kY 45
P FHEAGR B Linux F L EHRE. I FREITIR, A0 A G A g k28 1 A
BAR, Wiz ] Linux ZRGeie (i) — LA A R 48 T iy & RAL T A IR S, FFA
WM 8 IR 55 2 R G 2

12.2.1  MLE N AR

g £ 157 FH A R4 i 25 o PR 25 7 g B R 0 Wl 95 i AR LA S5 R 1K) 7 AR TG g
AT, & B P AR G A 8hiEAT . P A P DO B AT, 5ERER E PN
.

7t Linux R, IE1T7EG G PRSI BACN T2 (daemon) . #2497 1447
T — A MRBER, TSR O TR WX AN SR, T AC I D) 4k L iy |1k
Wro Bk, spdutRESRrahbh by HEIEA . IXFh i Ak 45 AR e I W i L 1R <79 7 2
FRAASTSF4 (stand alone) . W RGeS B %, MEEA R EGHSEEiT T
PR, RORFER L B RGN AP, Linux 5N 1 EERE (super
daemon). FBZLSF 4R AT LA [H] I W 22 N R 4 1, ORI SRS 1500 s AR 11 i 45 2
P, AR e 55 R A T AR B . IXAESR T T RS S R G 2. W LAEEA
TR M X PR 7 2, ML AF S W EE EAR, A S MR e AT e LR R

A TR, Linux REHRGHRAAG TR 70 AL g
(4% Clilhttp. dns “5) (AR RFIIL 4y o, AR SA B M wr e i 45 i 1 L,
CAGE PR e AR S AR 5518 5K A TR 2 Ik %5 (W0 telnet. echo %) MWK Al
P A, BRI 3ERE xinetd ACBEA 4. FREE L B3 AT U 5 S A T Al
B, Yo BB IR ST 25 xinetd .

) TRMEEZ . BB TRFES M, 24777 X0 LRI EE A 5s K.
AT AR LR T Linux R4 B — AU AR ) 2N H Ay 4, IX L8y 4 (1 2 30m
PEIUR %, REWS R IGA S 8 s SO L. T IS5 S P 28 Y H

R 12-1 FUH 7E I A N P IR Ss  din EVRR P T 7T R 5% ] A
F/etc/services .
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F=12-1 FHRH TCPAP K At

v A R % A AR %% im0 ERIA
i) echo 7 ping i 4
SO AR fip 21 fip i %
‘%4> Shell ssh 22 ssh 174
LCFEG o5 telnet 23 telnet iy 4
ML IR A smtp 25 mail iy 4>
W4 A i) name 53 host. dig 74
Web http 80 Web 1] ' 4%

12.2.2 MZIFEE

TEHEAT W 2% IF 5 BA P A R R FR S R o St B 48 (K32 4T R B0 A 9T T e Linux
RYPE T B RRE IR AT TR, W LU R4 SR (0 B B RS AT b B
A M LS (K ATAR I AT ip A ss dr 4, IRWIZEAT R4 (K2 ATR0 T 44 7 ping 74>

7E Linux RZ0, ping fird & NAEESEAM L T, P800 9 24 1 a1 .
" PR AL R B C i R, LA R 0 o9 25 ) P 00 SR8 ] )
RN AN SR EHLE B FREEN, W bR s . Bl RO, X
BLSH/EIE R TAE . W ping ARMNATREA Z RS, W IP M ARTEAE . T LA
ENEER IR ag E

ping iy 2 K — s Xl T

ping[-c % B |-1 #3338 % | IP Wik

ping fir < i) Z £ fi5 7€ (A4 B TP Muhl AL R . WERTRE T -¢ IEI, WITEAGL TR
ERH WP AL G5 1k ARAE R IR TR R 2L A B B B P 4% F Culte . K
LI RN RN #0 Ay, WERIRE T -1 B0, A% e 1 ] R A B L -
ping 1 % H LU LR35 4
o KgAH PLI TCP/IP ML : ping A ML EHLI TP Huhl BR[| Pkl 127.0.0.1.
o FOEGHANMEINVE: ping AN HLER FHE% 1 IP Mkl
o KU SR ENLIPIE N : ping R ALK LA B IP Motk
5] 12-1  J1] ping i 24841 1P bl
$ ping 192.168.2.1
PING 192.168.2.1(192.168.2.1) 56(84) bytes of data.
64 bytes from 192.168.2.1: icmp-seg=0 ttl=30 time=0.305 ms
64 bytes from 192.168.2.1: icmp-segq=l ttl1=30 time=0.135 ms
64 bytes from 192.168.2.1
64 bytes from 182.168.2.1

<Ctrl+e>
————— 192.168.2.1 ping statistics ————-

: icmp-seqg=2 ttl1=30 time=0.225 ms
: icmp-seq=3 ttl1=30 time=0.204 ms
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4 packets transmitted, 4 packets received, 0% packet loss, time 3012 ms
rtt min/avg/max/mdev = 0.135/0.217/0.305/0.061 ms
S

WIALAT LA ping JEX 7 FHLK G, ping K4 BRI D 45 R E . 10 45 R
FEAUI Y5 1emp-seq. A7 7ENT ] ttl (time to live) LSz M 06T SK B 0R ] 1 55 2 [R] 1T 1) ]
T time. WIALNZF IR, FRn B AU I 1K A D SO 4 B LA . A R
WP SiELE, Rpafthm iy, A5,

12.2.3 DNS &1f

M EEW G LI IP Huhilk stk 4 A LA host Bk dig i 4. ‘B A1 15 A 1) 45 4
R %%-2% DNS #t 7%, A~ =ML DNS 15 B . host 174 & 7rif) DNS {3 B e T
H, e EERE R AT, Wt bt 1P bk, 30K 1P Ml 5 v s A
4. dig ar 2 MShAeE MR, T LUA) &R AN s B, TN FI/E DNS T E L
TH.

host iy 21 ks =Xl R .

host [# % | IP Huhk]

A IS HOT LS A B IP Mk, 258 B4 A28, BRIl 1P Husik; £55€ 1P Hi
bk 28t ShonIUsi4a s o SR W) Bondar 210 L.

5 12-2 i host x4 34T A ]

$ host mail.bistu.edu.cn $HAR I L &8 1P Wik

mail .BISTU.edu.cn has address 222.249.130.132

mail.bistu.edu.cn mail is handled by 100 mail.bistu.edu.cn.

$ host 222.249.130.132 #ARIE TP b pt F IR L

132.130.249.222.in-addr.arpa domain name pointer mail.bistu.edu.cn.

$

12.2.4 IBEHRTHS

WL FEPAT i ] P R AL 283 il el 4% 5 5 — & Linux EHUERE, 7EI0E6 3
PLEPAT — N4, & RGOIRE S G CHE o sh A2 7is T . H Pl A
A iz A, SR EFAEARR N FF . RS R L% AT i SR A IE AR AT
fir 4o

EREPAT I R B 7RI AR EHL LT — ML AR AT IR S IR S5 AR5, TEA
MWRGHIETE —PHTEAERA TR R &R RS R R R E R, ST
[P iE KRG, ARSI B M —/ TCP %Hz, BiJG )0 shig e m 21T
A PATEIFRE S, 2 R S IS R A B, 25 FE R A R b o A A\ 52 e
Fran 2 PRSI, IS5 PR R i 2 (A A B A2 1 800 A b 1) A S 11

H BT T FE AT 2 1977 24T telnet H ssh (.
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1. telnet
telnet & fR &8 A AR FA T P FEPAT R0, "B F s T e e EHL R telnet Hi 25 F2
JFFUEATTEASHLLY telnet 75 )RR PP PN 70« STE [ Linux RZEEAALEL telnet 1454
4, W E BT 2RI T telnet Al 4% (Fedora Z4¢ i %% xinetd Fll telnet-server 1U). Linux
RO AT telnet % I AE, L telnet 4. Windows Z4: th Al ffi H] telnet iy 4
(Pt VB IT I telnet 257 s Bh gD, el LAME A SE =77 T HAEKLE, Wi putty 5.
telnet 7y 2 [ — e A T

telnet 3X.% | IP Huik

telnet iy 2 1 S LR AMLE PR SR B LIRS R P 2 A1) TCP %4, &
D G AT 43 B AR ENLFE SRR . BT, WRERGWH 8 4 Shell,
telnet LI AG 1o P AT LMETEARR G — R RE L TIE. &R TIEE, 1H
logout BY exit AR HHITFEREE, SiR ke,

5 12-3 BT telnet 23 i B

$ telnet s05.localdomain

Trying 192.168.64.145...

Connected to s05.localdomain

Escape character is '?]"'.

Kernel 4.9.4-201.fc25.x86 64 on an x86 64 (1)
login: zhanli

password:

Last login: Thu Feb 2 20:50:43 from hpl.localdomain
[zhanli@s05 ~]$

oL (AT A)

[zhanli@s05 ~]$ logout

Connection closed by foreign host.

$

telnet 199 5U7E T8 10T A7 a2 LA S 7 AR i i), 28 5 Bl N B 1 4 F R
Hio FTLL, ARMBTIEHIMZE FAEH telnet WHFAE 2R (HiEAT L&A, NS
Ja g g, telnet A& R H A5 3T .

2. ssh

ssh & &K telnet [ D2 AZHATHAT . 5 telnet A[F], ssh %57 5 k45 28l {5
R S0F BT A T8 ek P 28 A A R B Y e AT T s N RO e T e k.

ssh [¥) /I 55 EFESE sshd, W ZEBRINLRIFH I 0 (ARG AR %4 ssh k5, Al H
1745 openssh-server ). ssh [} ' FE /T /& ssh 74 . Windows R4 7% A7 H 471 ssh iy
A, {BA{EHEE =7 THEM, @ putty. openssh .

ssh fir &1 AA% 0 T

ssh HA P LQERE | TP ¥uht [44]

NG 4 5}
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AR EMAE, ssh ST FEZRLT telnet; F55E T 2, ssh RFEmFE 4L 1
PATIRER WA, R)EIEH.
51 12-4  ssh @417 #1289 By

$ ssh zhanli@s05.localdomain $RAEHEF
zhanli@s05.localdomain's password:
[zhanli@s05 ~]$
.o (MATEA)
[zhanl1i@s05 ~]$ logout
Connection to s05.localdomain closed.
$ ssh zhanli@s05.localdomain "1s project/hoc" FimAZPAT A
zhanli@s05.localdomain's password:
hoc hoc.c hoc.h init.c math.c makefile

$

12.2.5 XX{hf&s

FTP Z7E SNl LS SO 0 e A 20 /7. Linux | FTP JR&FEFH £ 5,
AT fipd. vsfipd. wu-ftpd A1 proftpd, &) FEIT & fip 4.

fip mr A —ALkg X

ftp #|4E | 1IP ¥uik

BPAT fip AN, ESIIRE BN RSSHEFEE IR TCP &R, =M AR
U4, BEETTRE —A FTP 45if. fEarimik i, J) mfLUE L FTP (F)44E iy 43k
TTERE, AR H ok, P Hop N ZE . AR S N RS, et ORI 2s8y mr L2 ASCTT
e —HERI . e AR Y, g5 FTP &% £ 12-2 %1 T % Y FTP 15
YEfT %

Fz12-2 FHAMFIPRIEGS

w2 & X
Is FI R FE AL i H 5%
il (EEFEHL b 28 1A H ok
led EAMBL FoSe TAEH %
ascii W A= 7 A ASCIT R
binary B SRR 77 A kIR
get (mget) MICFERL FE—A (A4 CAFRIAHPL
put (mput) MAHPL EAE—A (24 L FEHL
hash #5 oo A= ik i
help, ? BTG R
quit, bye ZOEHE fip o1




BI2E R SIESK %

KHERSY FTP 3t g ZR M G i i SN P A R %, AR s s L VR
B4 oK, RIRH] anonymous 1F 24 ¥ ox 44, 144 gueste HIJ™ 44 114 HISRAfA ™ (1)
S, I P ORh il m b (0 SO R 07 Bl BCRR

Bl12-5 A HA FTP 251 F2:

12.2.6 EHFHR4

P BB AN, B AR 2 #3045 T H . 72 UNIX/Linux
ARG, B AT A RNEE, RGETOARUEA RSO fE,  RUACHIEEF
FaAR 55 LA L 25 7 o T mail A4, RIRIR] — ARG AT (0 P 4 m] LU A R B .
ARt T AL R 2 R B U G I R A Al 55 A

1. B R G R A

RIS 28 20 2Lt S IR 55 s R e RS A 8 7 i T A Bl P IR 55 2 R e FH 1Atk
ALY, B2 i TR R O AR PR . Linux ZR40% F TR0 Al
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A A e sendmail Hl postfix 55, HEAFR ) G TR Z P2 F . o, mail 74 /¢ Linux
RGP L SRR AR L SR R IR 25 i T e AN, H AT — 288 AR 4L 10 Linux
RGO BN R T, i, &5 A17%%E (Fedora I %% sendmail Al
mailx U, )75} sendmail flz55 ).

2. mail %

mail fir 2 D) REIR R, WAR ARG, 7 Al LG il & SOk v & mail 384T0,
BAER A W e osak U A I gmftids . DRfpafr. BshRlR%E. EENE, mail A]
CLitk A\ Shell FEFFH, [ £ 58 5 THUIR A Ab ERAT 46

mail fir 4 [ — A% L T

mail [#£5 ] KAEA]

4 mail J3 B, BB A PAT G E SRR I AT A . AT AL mail FREE() SC
fF: AN ERG mail B E SO ete/mailre, F T 5@ CAART P IE AT mail 3855,
—ANEH ) Y mail BEE A~/ mailre, I SOH ) HORE PR mail 305, W 4455 . — K
o, REGHIECE T LUES RZHM Mk, B A D] UAMEfTECE.
i HC ] 2% mail 474 1) man T 0T

3. FIEFAIBHRAE

FAP IR RB A AN SCARSCAT, TR R P s e r . B4 SO M B A ESMAIL KR,
IRt /var/spool/mail/SLOGNAME. H )" s R 4eit, Wi B B b A58 21 i e 44,
ARG IWHAH 7 : You have mail.

FH AT LU mail iy 2 K8 ) F AL EHR A o ANy ZECRE DU AT mail #4742, 20
B AR H AN mail 2035, mail 584 B B HBE R bR S R . BRI S K
Ao

WRAER S RS RE Fn  AGERTE] AT/ FAF

b, MRARRER R R N R, U AR, 6 hCik. Al “=" £551
R4 A 24 iy b B P R4

EF G, mail 22 BoR “&” FRAE a2t P Al LAFE S5 A mail 1)
FAE M2 R AL BRI, W vy fRA7 BIBR. I8, A%, W EEm S W& 12-3.

F12-3 A mail BIERS

R BRRATAL

W% & X w2 & X
- N H— BT u <ffi 5> i S AT I3 (Rn dn A 1
n L S7 N = IS e <fB{5> G SELA SE (R AL
h bRt U ER IR IIES s <M 5> <3fF= F f € BRAT S n 2050
p <Hif5> KRR E MR P 7% m <f] > R RE M
r <fRF 5> o] &2 45 7€ A A ? BoRFTA A A&
d <fR{f 5> B -Ai o R AT q i




BI2E MR SIESK %

5 12-6 A~ mail S TFLLFE:

FELL EAZH R, T ST pa in 4 Bosh 4 RPN, AR rar @ik
e [BI5Z i, FR% HE) 4 R To. From H1 Subject 7B, FHFHIAfFNE, R —
AT FAARATE AN, Ba ] q IR H .

4. BESHL XM

HILMDAFALE FI Ay ZHCFIE T mail 4, A2 10— BokE A T

mail [-sARA] [-c #Edht] KAILDE

mail 7y AR -s Fl-c FEDE PN AR Subject FBOF1 Ce FB, MR AN HBhEZ %L
JER To ‘7B, SRE MARHESIA RGN, LA REA A “7 FRE Cul+d
FRATEE R, B a M AOR G ZHERE ) o MRS ) Ak (R — E LRI H 7 A
s e N RS R P 0] R 47 s A 1R s M- 2600, mail K532~
JUEIN Subject 471 Ce HubikAT, LPARIZESEH,



B/ Lo RERGG, RIPSKH (82 i)

~—

12-1
12-2
12-3
12-4
12-5
12-6
12-7
12-8
12-9

5 12-7  JLRRE T A% mn e 77

$ mail xiaoli amy peter $18) % A~ P AR GE SR
Subject: Congratulations

Congratulations on winning the football game. It's great!

cherry

EOT

$ mail -s "Log file" root < logfile 15 ST VE A bR P

$ echo "Happy Birthday! " | mail mary A Adir AR A bR A A
$

>] R

TCP/AP WIS BB JLZ? IP. TCP. FTIP Zr A7 T R 2% il (i — 2 2
402 TP Mtk ? A4 i85 48 2

DNS RZEM g 42

ot 12 5 1P kAT A X 5 2

F& 5 B TCP/IP TIPS, 56 B eAT T I T A B A P i 11

FH ping ir 4 A 35 VR 1 MBI 55 25 (1) TP skl

FH host i 2 58 2255 U7 ) (1) JLAN Wl (1) TP Ml

M ssh g 2Bk —PMEFERSE, AT L Shell 2 /5B H .

H mail & B — AN, e R S —A1H .
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Linux RS 3

A 55 L Fedora A1 47 Linux ARG %25E 7770, HARARAIY) Linux R 4001 %50k
FErTREAT AT AN, (H SR FEAHFT . AR SIEAE T RN VMware, BLAAE
JERHLT 2285 Linux 5245010751

Al ® k< E &

A1l REZEME

SRIX Fedora 23 WHZ 1) 1 B2 2 M B N LR SEN 1SO e g e, T+ 2l
s https:/getfedora.org. AR LA T JLAT, S S AR .

1. RFERGER

Fedora #2117 Workstation. Server fil Cloud —FZRAL[F) 22 mis, - aliE i+~ A
tFEAL RS AT, REARR DO ZE T r 2 RS A . AN
FHETF A W 1%L Workstation 57!

2 RFTFEER

Fedora Workstation Z 42 [l 1] 64 {717 x86 64 £5Mvevh i), WEH] TR ZE A A
5 AL, Fedora #6132 711 1386 AL, L4 R THENIEREAER .

3. EEAR KR

N AR 24 W 22, Fedora $2fit T JLEARIMIAE, F %4 Live 5. DVD
PILAGRN 1 5 22 B o Live MR P] HARIZAT, Al 9%de; DVD BURALE 1 T 1) 223 mk
Oy, Al SARE: WER 2 ARGt NI i I 55 L ARICEAT AL, BRI TT A SR N 2 R .
Ji [¥] FedoraWorkstation # DVD Mtf% 3 A\ Live B{% ., At Live MU% 515 )5, BErT L
HLHIZAT Live &40, W el LUT RGE%3E.

4 EFREER

Fedora Workstation 5458k I\ %2511 510 /& GNOME. 0 {52 FoAth SR, ] LA
R EHIN . Fedora f2{it 7 Z Ml £ M, # A KDE. Xfce 1 Lxde.

AP R AF R f) 4 64 1% [F) Fedora Workstation 26 Live MR, MU% 44 /¢ Fedora-
Workstation-Live-x86 64-26-1.5.1s0.
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~—

A12 WBEZRERI

24 Linux R0 H AR LT J5 5.

(1) AR 228 B ARG RAE ST R 70 DX o I S AR R G 2 T 5,
R LR R A BECF RS, S RGBT ARLIXFh 223 Iy P A 7 X 5
SHUHIER S, E6F - ELRMA . A3 TN AR T ARSI S TN

(2) FEAUNLLSE. BRI LA RN X HATREAT M — M7, R R
SR, ETSEIE R0, LIHEGY 2] W9, PR HE TR . ZFh#z
He R R fap o, (HXHLERAOMC B 2R a2 A2 TR 28 kR UL 2 388 05 sU i LA
AR

(3) e, Lok USB fi LM 4 Live REL. Live RGN 805 MW Hi%iz
fr, e, Live ff HATM A T @ MEH L, BRGIHAE. PR P HIHC % 48
ARSI, HAEA RGO AINSE RSB R M. A3 AR ATEIE Live
5154

A2 FEERHAERZE Linux 24

TEBRINL T %238 Linux R4 iR B w2, bR EH RS
UG EE BRSO, K ICHE AT . AT AAHA R g e E A
Linux R4EMIEARTT .

A2 EHHIRAEN

FEFULPL (Virtual Machine) F5i0 i RN UKAFAE— SRV AL BRI SR 2 4 |
(TS IZAT REAUALAF P P SRR O 76 0L (Host),  FEAUNLAAF R HH 1 R 4L
BUFKAE ML (Guest)o fE—ET EHLLATLURIIE —&A®E 5% Hl. BB A
CUOEs iR R4, W CPU. WAE. WEEL. W& BIOS %, RERZYHit STALIRE:
GAIAERGERIZIT N H A N7 ERALR R S Rk, B E — &
FOEM L Mo +78 ENLRGSR U, ERNU ST L — AN R, el
ok 7y T AU B i R I SRR )

AR, B SN E BRI ETE, BB AR B R A R, I 2N H
TR 55 45 A B DA S RAEA TT AR IREE A . %12 3] Linux 19 k36, BRI
AL T SRR 2 Ab . FERBIHLPIZAT Linux, ANOHOHEREEE S BUN RS
Bt B RN G i o AN 5, A EE EHLRS. hH, B
HLIK A5 AR s Jo LSO 0 A S B 7S EALE S LK. AEBAT B SR S o 55
BeAERT, nfCUCHBRPLE “Pe” Thiagidst F RGN RS, HRE0R A b,
I “PBIHRER” DhREs il LR Rk B BT R M R G0IR A BRikZ A,
FHRERIBLE AR L o] LU SZIR 2 RGEERAE, e 525645 o



MR A Linux RGN Bﬁ

AL, RN SRR > T 08 BN B, XU BR ) 7 REBLIIPERE,
IR 80 AL PERE T . I, 7R B LI AR s R GE 1 C b T e . i,
LR AR SLHIERE UL P RS AT RO T REAME . BRI AT e G 1R e R, Een
2111 Xfee £E/NA A7 REFINL A IZ AT 152 St o s [N JT )5 2 AN BN, f
T JEFEAN T WL ) B ML 23

A2.2 ZTEEMYEHMGF

H BT BRIV AT VMware. VisualBox. Virtual PC 2%, H.A L VMware 4
WifT. VMware GUFZ A, TN NEH AL N RAE VMware Workstation Pro Al
VMware Player. VMware Workstation Pro (1) Z01{i& 4> [fil , {175 %277 Al il . VMware Workstation
Player W& %32/, SRR/, DhReks R sc i .

AT R ALK A S VMware Workstation Pro, 1 EHLER S £ Windows 10,
VMware 1) F# Hpdik /& https://downloads vmware .com/, & ££ [1] % 3% 3 /& VMware
Workstation Pro 12 for Windows 64-bit.

24 VMware B 523538550 Windows I FH 7 X —FF, R FE R M, N
gy “ N —7 BELRIET . f5 3 VMware [ 5 A5 15 2050 Windows W H —#F.

A-1 it VMware Ji 805 () S0 s o B DA M0DE 32 S i, 3 ks VMware (1)
F LA SAT I T BN LAR 0. 75 32 50 m] AT B AU LS 324 FE R IUNLT
PSR rT AT A TZ BRI EE . 7 DB A2 R RWLEE, BT O A0 1 R SR 48
SR s — AN REBLEN Al 4T bR . & 0 B R TR, s T 4
VMware )2 B/ E LA

) VMware Workstation - a X
SHHF) SWEE) BHERN) ERWUM) EEET 22EH) > 0lld
~ * | @rxm > | Debian
Q FHMAABHGIL. v
S _Eiv ) E
* Debian WORKSTATION 12
OpenSUSE
" IUbuntu
L SES A,

B A-1 VMware Workstation R H

A23 EIBEHN

1. REBEHERE
SR 64 LI E P R GUMTT SO A 64 AL L. 64 £ VMware HESUAL T 4E



B/ Lo RERGG, RIPSKE (5524

~—

T RERIALEAR (Vritual Technology, VT) [ HE, FUTEGIE BERIHUATAC Za TG T
BUSH 17 VT SR8 JE BIOS W, 483 VT [ &0, WAL Disabled, i
% H.i85 4 Enabled, K5 {FA7 B H
2. BUEERMN
fTH VMware, 7€ “FE007 25000y QIR RN BbR, 15308
Bl 5. HARMEIEPBRIT.
1) EEEAIE %
G RN 2 TSR BEQE S, KESHE T EUNERE. 175
T YRR 5 e 7 AICE TR, IXHLUERE AT,
2) LR
B RERINLAE & X0 SRS T A E R 36 fe e, IR R LRI 5 7~ i
UML) 5| T2 2R Y . VMware 34k T “ 23R P 0L “23ef2 P et mg e H” f
“THIELBERAE RS 3 N, Wi A-2 . IXHESR R ERIE RS, I
HESUMLEE L 2 G T s e e R4 .
ZERIE:
ZREFRE(D):
TR Bl
O &HEF AR B (so)(M):
FEE(R)...

® M/ERHERIER(S)
PERMEREEL I TEEE.

Bl A2 ERFRERGNREKIR

3) EERIHIRIERS

FPHUEAE RGBT RN ZB 1T E RS £ “BIVEIERS” fES
E#E Linux, 78 “JRA” HEIEFE B 2351 Linux A . ABEER L “Fedora 64 13

4) KL 4

TEAN HERIN AR A LLSCAF I XA AETE EALR . S TRRUERINL, 752 I dE
YA E . 76 CRIUNLEL " HEPE N BRI 4 T, W Fedora, 7E “fi&E” HEH
38 B REAUML SO (R AT A

5) WEHEHNE

TE R OKHESE /N MERR IR B R R I A, SR BRI BUHOE S 88 . A5A
30GB.

6) BIE L

b, BRIV SH O E Y. Ad e RSB Gl e,
B R UL Fedora HILAE VMware FL1H 220 (4 s U031 R b o JETZ BN, E1
PR GO ARG LTI, o i L b B RAFIIE E 55 5 B, ] A-3




Bt A Linux RGN \fﬁ’

S —
FroRe
. &l Fedora - VMware Workstation - ) =
‘SZ#F(F) REE) BEV) EUIM) BEEET) 2hH) - £ & | e
B * ' @=m | T fodors
Q, FEHNEANEHTR. - || -
F Fedora
= [ AL =

711 Debian FrS IR ~

1 1OpenSUSE ORISR |

1 1Ubuntu

1| Fedora v TE

T HEroEA . pyE 1GB
O hbzas 1
S ER(SCSI) 30GB
JCD/DVD (IDE) S5l
T mEEs NAT
azd USB
Qussimz  gE ~ TS
sk Eant s B2
.:I.nﬂEEﬂ'L ﬁE ) BEEX#: D\My Virtual Machines\Fedora-64\Fedora.vmx
e el TEPEER L Workstation 12.0 S23000
W
)

E A3 HZEMNBTERET

3. AREMNEE

RERINLE R SE A, P vl DABE IS X & (e e AT U 3 . VERT: R T
YE L BEFE RERIALAL T 0N UIRE N T. BB TR RINL, ZEErim bty “ ZiE Rl
Bl E 7, SEA RIS S, i A4 Fios.

[t x
W wE
0% #z wEg
EL”L;% 1 GB MR EE(P) 1 -
(ST 3068 BESBLEEC): 1 =
JCD/DVD (IDE) ZFul 2l DB
TmsErs: NAT RS DA !
Euse =51% FE P
ks B el s %
T wE EmM): a3 v
Sons AR [ 355 sl A (D)
D FETAE Intel VT-%/EPT = AMD-V/RVI(V)
] &4k CPU HEEEHHER(U)

B A4 ERWIRESRE

FERLFI) R FRE T AT RE LA SRR U B AT IR SR, 7E ORI bR
Z GO ] AL A v B AT UL . LT e A ik B R R ) T, FEA AT
W TR W H W E

IR E ST S

WS ECE 8, nl LUE S S ERLIR N . CPU Rl KRR £ S5,
DA i HE AL YL e o 3k T LURR S 5 B 4 oy e i B A Bt . AR Pl A7 /N TR
2GB, CPU %M 1, #DHCh 2.

2) WE CD/DVD Kz 2%

LHNNE RGETT 7 2 X) CD/DVD IKBh il ir i &, AR ELFN . FEERAIH %



B/ Lrox BERGEGR. RIPSKA (552 hR)
—

FRAE RG] LM DA, (BT (B 1SO Mg HA T . WE AL
e “AEH] ISO WG LI FHHREESCIFIALE, W& A-5 s,

E b
B #EE

7% Es Ldsias

- 7 2GB 23E3(C)

[ xEE 2 ] B0

[ FE(SCST) 30 GB RATERO)

¢ JCD/DVD (IDE) Bl i

famsans NAT &

UsB }5%15 HE Q) wAMETEHEEP):

&=k & i) =

Eren - B

e & 7 @) 427 150 BLig SofH(M):
|D:\Fedora-Workstation-IJve-xI v

BILHV)...

A5 &8 CD/DVD &R
3) WE MG A
T N 2% I I A 1) 2 A IR B FIMLIE M 7720, VMware $24IL T 2 Rl FHL MY 2%
s A, W A-6 s,

EUFLIRE *
=
GE RE BERE
- = 2GB CEE(C)
[0 wESR 2 RO
LAEE(SCsI) 30 GB RARERO)
- JCD/DVD (IDE) EFEERH Di\Fedora-Workstatio.., P
Tmzans NAT REEk
UsSB 1273 #HiE () BHEER(B): EESEYERE
@';_F EEzall 5 | e Ak e R (P
lﬂqﬂfpm pr ERlFI= -i-i—-.[\_‘( i
B E7E HEHl @ NAT BE(N): EFREEN0 1P itk

O =AM SENEZHSEMS
O BEX(U): SR ERRE
VMnet0

CJLAN EE&(L):

LAN E&(S)..  &HEV)..
B A-6 EBERN M EIEE

w2853 77 XA LT 3 i

(1) Britial (Bridged). 1XF 5 Ukefy &L, ¥ M SUALIR Y~ H Ee b i 318 &
PURBEB AN R < o e P RERN LSS AL 1, R ERESERIMNERLZ Ey, H
AU SE AN RE UM LA — AN RSE I TP Mkl . SRR 0 IR 55 28 R 4 .

(2) NAT #it (NAT). XA 77Nk i, AR 7erd B S WLz st — A
FEI, REAA L T P N 5 1E AL VMnet8 < AHIE . VMnet8 J& VMware #5371 —4>



B A Linux BEINwE

BRI, b nEE VMware [ 7471 DHCP F1 NAT 4. VMnet8 32 15200 T il
A PR Rk B A R R BE I . (R, BLSERE EHL S AN EE, APt CL B T A
N S RGBS A X Rl R

(3) ALFEHBLA (Host-only). XFh7 i b i, &5 NAT HAHKEML, HIAEE
Pl &8 215 EHL VMnetl M -F_F ). VMnetl 1 4¢ VMware 2237 [0 — P EIM R, A4S
AT NAT RS, FEUCERIHLERA R At il oRE AL T . K
i, JXANEEMEST ERHUAGE V) AR, & LS SRV H P 1 OOk VMnetl,  Eb il
H CLff) DHCP. NAT. B k8§55, A sE B0 B (1 I 45 BL B . O VMnet] #2118 i1 NAT
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Bl EasyUEF] % #/k TED \EE XFe
|=F== TeRah BERA EHER
B =R | s = @ Eﬁ\ Fedora
USB CD o 5 gfg%gﬂ'f) : [E2EFR76F-5010-4FFD-8997-18284

=% =

B | ARFHARK : 248
Windows Boot Manager i3 g SREFFEEK : 534527
USB FDD ol TTHFERTR o \EFI\fedora\shim.efi
NVM=0 o O]

ATA HDDO o3 3l
USB HDD [z e
fla LAN R [ ;Ij T N -

B A-19 H EasyUEFI iA%35| SIRF

2) BIOS £ 45| i E

W Linux RE0ETE Windows R4 5 e, W) Linux (¥ 22580 -2 BRIAHOKE
grub2 MR 233 MBR, I AR MIAA T84T RS, N ENTERSG | S IUFE A BLE S
b, B ERE 2227 GRUB 5l F3m, {LH g, WL Windows Boot
Manager 523 # bootmgr, #EA Windows R 4; WHRAVERESE, WEGAM N Linux
WH%, HEA Linux 2%:.

WA IR 8 Windows R0, A LLUE & Y grub2 FL B SR AR S 30T,
ANt fehi it JE PH] Windows [¥) BCD 51 A JX 7 A0 A MBR, ] Windows [1]
51 TS i grub2 RS . 1 Windows [1] bootmgr AHE H iR A1 5] F Linux 24,
R4 T 228 Linux REEHSZ— BCD 4] 330 X445 AE 1] L] EasyBCD T H kK5 i,
Jrikst: ET G EEN Windows &40, 1217 EasyBCD, ¥ JiIl—)> Linux ] BCD 5| 57,
SKJ5 % BCD & 3 MBR . HARMERAETTEE S HEMCTORE, A AEE A .



iz

Linux C F AT AE 5

B FITT 4 TR Limux JFR# AR A RIBCRE . ABSORRE Limo R L
LT L BEAE A, SRR TR make A0 gdb TR . MR 002 Rxd
o 4 TR, T I Rk

B.1 Linux C A &I} E

— AN R T RS AR R . geiE. &R IR RAT. dEPEEIY,
REA AT AR B A AN T HR S X T H GRS M R T 5 1 RS . 8 F T
RIWEEFHRE L, K& ATl s, BRI A 5 AR AR sl X i I A T 4L
Eh-.

LN TT K34 5E (Integrated Development Environment, IDE) J&7E— 4N — [ ] 5t
R AR 7R I AG T BB, Gl dmitas . dmidkas. . s, Sk
YEar SCRYAER T A H & M 255% . IDE Z XA EDES I, feohfe LigskRm4, 7E
FRAE FIESK T 5 H . 240 IDE At nl PRAL g AR des 4, v LA (8 W kb e v P B St
Lz, UHEAHREEFHNHET. Ak, EaBi s A — L [m] 155 45,
e eI ZE, AMET BERIE, LIRSS =77 TR R IGE.

EAFESR, Linux (¥ IDE K BE-ForiRil, —LeE00rfIF IDE g A& 1 Sk
VeE i PERE . B A ACRIE M ZIZITAE GNOME T ) Anjuta FliZ{T7E KDE F1)
Kdevelop. A5 ¥ GUI gafe T HE5 & EE T 4L IDE. @ Anjuta+Glade Hl
Kdevelop+QT Designer #57& X WV HFR IS ARTF R A KT

SRIM, Linux B ERITRAEEENE B — ML) TR R ES . 5T aEA
THRAGE ARG T E RS, HADNMR . Tiimamess s . EERL, X8 THE
IRA AL AN, JIURA R BARAEYE, wTLAE L Shell 1 make HLHI LSS & 7E—
i, M — AN ThRE SRR IR L s AT E RS H Sk g FE A bR

HghEe ok, Linux 482 1 H AT LAy HLAUF LR,

1. 4RiERR

iy Ceditor) HTHEHFEFIACD . 15 G gmFE A0 16 g 45 75 220 1R i IR g 4B Xk
2, A REUSED, JF HReiR it — SR T, anEvksiR . BEhAhSE. BEhgRTE,
TSI KA. HAh, GRiEasa N AT S el BB A ATy, AR T Ll A
CUP R R AR T UG B A 2B 2%, DLE Y. B a8 > PR #55K
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vi Hl emacs 2 1F G Fb S5 1 D B SO ) 2 B8 2% 1175 5 7Eg A2 7 T S 2 AT L3
emacs /i GNU [ 4niH s, ‘BBR Vaniiohiesh, @ SATRAFY Rerk, w7 LA sl i
FIVR 25 I, AT - Dhigna K1Y IDE. bk, —LLEIE A A Mg iy (
gedit 55) WIRWAT. ©MLAMLT]1¥2], BEFHE 6.

KF vi B 3 .

2. YIRS

Ynifdy (compiler) HTHFEITFUIRACHYEEH ly H AR RGN P P ATHLEACAY . Linux &
a2 PR ESR RS 82 /2 GCC (GNU Compiler Collection), ‘7 GNU i H [1)—4~F # ik
o GCC [Mfr it Thigns K, S5MR0E, AMUATLgRiE C. Cr+, Objective-C i5 75, b
A LAIH AN 5] PR A i AR S HoAl & FRAT G =, W1 Java, Ada. Pascal, FORTRAN %%,

GCC 1] gee J& Linux RZEMIERIN C g ifds . KT goe WATHI AEN 40 4.2 75,

3. BaMETR

FIA0FE T H (make) & FZMLIIEHAE—A T H. Linux ZRIA 2235102 GNU
make. make fEACEL A IE TN A S ILAR 5 AR OC IR )8, AV 2 52 2% 1K) 1) iy
FIALFRIEFE 20 B0 o A id A H -4 Bh A Al makefile SCAF1) T F:, W1 GNU [7] autoconf.

K+ make 1/ 4H W B.2 15,

4. BiXER

Wik#s (debugger) J& H /A E1 P IRA N AR IAE S a2 T ML . Linux &
48 bR HE A S8 & GNU 1) gdb. ‘&2 —MERRIRTF A, QFs 7 I & g
Difg. Ak, gdb &g AATHIEATI, XERE T S EAVER S T A $E sk
SIS HITE, GNU 4t 10— A BRI T ddd. ddd 9:fr b JE gdb S 478
NI GUI Firdi, EisfrfEEER R, HE 50 gdb A4S IER TN ED)
e T HEAN S FIPE 7 T AR AR 56 55 1) GUI B UK 2% o

Kt gdb /4L B3 5.

5. MEESTIE

PEAE T TH (profiler) HT WL FAEE T MIBhaS1T 8, &F RECZ A
WG B 25 A~ R ABGZ AT IR ] B RE PR RS> 8, AT RL T RS A AR 2 BT I TR
WA T LA, AT AR AT B . Linux REEMFRAER: GE 2 Hr TH & GNU
[ gprof.

6. RN FMIE

ECHLF A (manual) 2 Linux 3PFRFRAERHLE AR SCRY o B T R %8 QA7 stk a2
T LAN, VFZ2 Sk Linux JFA N A LA man T3 006 77 s AR IBER LR AR SCRS . BRHWL T
HEHAT B N A RS AT RCE A AR 5, T ICHL A . AL T T H L man 4.

B man F MUy H B 1L HJE GNU (1 groff. groff %[ € LT —4LH Tk LT
F BTG S G T iS5, i groff iy 4 it2x 18 S XAk 09T g
Mo FEFIVELF (T 0T 228 30T H %5 B a] 1 man an 248 &R Yok,

7. {TERITIR



e Lnux CH&ITERT

gzip i H AT A WAT I R b A T (packager) BEATHAFINAT RS A
fro BEEIHTETHEMT RPM AU rpm AT T DEB A% U HLY dpkg.

B.2 make TEH28

AN H T 2 AR SO R, XSRS RS i e AR R H AR SR AT AT
A2 AR i LRGSO R, Bl—A SO B ) — N — S g =R . 24
HEAN SRR T ARG, O AR SO E R . — ORI, RN
W, ATHAT SO T H AR SO, HAR SR 08 SR Bk, ZERRAF T AR R,
1B AT AR] — AN IR ST A7 B B G2 A R H b SO RN AT BT S0

5l B-1 %> hello R LLR 3 ANEFEFALA,  J3 B AN F2 e 6 TR [r) f

printh J53CF:

#define borderchar '*'
void my print (char *);

hello.c Y531}

$include "print.h"

int main/()

{ char my string[] = "Hello world!";
my print(my string);

}

print.c Y531

$include <stdio.h>

finclude <string.h>

$include "print.h"

void my print (char *str)

{ int 1i;
for (i=0; i<strlen(str)+4; i++) printf ("%c", borderchar) ;
printf ("\n") ;
printf ("%c %s %c\n", borderchar, str, borderchar);
for (i=0; i< strlen(str)+4; i++) printf ("%c", borderchar);
printf ("\n") ;

}

XL 423 4T P hello2 F2. AR 7, ABECH A EAT— AL S
SR B HOO NP H AR SO, AN B a0 AT 300 AL, w1 AR PR S 2
Bb, SURMIER AN A, SR g i B AR BT i, s T
printh, AT gee -o hello hello.c print.c Rl ] FFi gt A0S W A2 T hello.c,
Al AT gce -o hello hello.c print.o T #4332 520058 70 145 .

SR, 6T MHA R R AR, T S IR S H AR, SO R

¢

S
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BE R R W LR B AR, EHE R 2R E R EN . S ER RN,
17 08 3 2 13 D) S g 0y 2R R AP 5 S W 1 A s — R R T A e B L S
fitt e LR X R P T R A AR A sl se s A R i, XA TR make F2)7
make [ EARAE . ARARACHD ST TR ARG F i) th— FRAU A BRI, s —~ny
it makefile [f) LA SCAF . make A BNE, HR4E makefile g SCIHRIINR B 245 1] 58 Uk
PRI AT s S TAE. 0 T RS E, HZEHAT make, make 23 HcFETI
S [T b BT S IR 6 SO 7 TR G i, I 1 BT T AT 0 ) SR A
R make T AT LB/ i T AR A A 1 52 2% 19 22 SCRS Il H B Gl B dadt, iR
J¥ LR Tyl AR S S 1 TAE L BRIEEHRmAR NG, AT P AN iZ A H make T
ok, i, make /& 0747 UNIX/Linux 245G FE N G2 AT 520448 1 1 H.

B.2.1 makefile 3X{¥

makefile J&—/NICARTCMF, TWHEAEEAC H B T0Z Hokdr, SofF4ar b2
makefile 3k # Makefile.

1. makefile £ 7

makefile [¥] 2 T EE— 40N Crules)o KT TR AR 044 € o S22 Ta] 14 B8 A
B OK % A K 58 BB RT FIT 5 (1) i 2 - makefile R (F)— R L T

target: dependencyl dependency?2 ---

<Tab>commandl
<Tab>command?

HARME, M5 BN A

1) Hix (target)

FEEPNFAT A Hbr, B0 2 25K make QBB SCFF, W HFF hello £
B R A AT AT hello, H 5 hello.o s 242 bl HARACAS SCPF hello.o. H At n DU %2
3K make SERLII A SIME, WH AR clean W H 473 bR g 45 L B2 10 () 30, H AR install
TORTEMF. B, HEREUEZHN Ay EK 2001 H (1)

2) #Hfi (dependency)

FESCIAAT — B2 AL, AR SICEIE U B H b I SR SO, T 2 2
i#ﬁffﬁ?ﬁ’]ﬂﬁi#;‘ZHﬁﬁﬂiﬁ “ Hﬁ ﬁi#ﬁ """ ” ﬁﬁTftﬂI#lﬁJﬂ’]W%ﬁi? il_

ﬁﬂx#,ﬁﬁﬂz#m“?ﬁmﬁ+&wxﬁomm,i&TmﬁIﬁmmOWEWM
H brARES S hello.o, 10 2E B H FrARES SCAF hello.o 77 ZERCIEACAS SCIF hello.c.

FILOU) ) AR G R A T AR SO L A5 75 OB R A o S S H bR SR 388 I A 1S SC
PE#EHT CRIE AR ST I8 O RDHE T A O S A s SOk D), iz B AR TE 288 R
2 IR E A AN H BRSO, W H Rl i

e R A Z R, — AN AR nl A2 5 — U H bR . 7E SR AL i)
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H AR, S8 ESEEUROM Y B A%

3) fir% (command)

BN RA 2. i SEBAZ I H bR P EHAT 1RE . B W o

g S, (A 0] LUEATAT Shell dy4 %Eﬁ'_i i 4 e IS ] LAAE ] Shell 1V 2 2w
*ﬂ%‘f’# wisE AR Shell A&, HHT ﬁ% v RIS TR T A,
makefile [} HEE M E BFAN A AT IS AR 749 L élﬂmn&u%%fv (Tab) .,

2. "5 makefile 3L

makefile SO 0] LI AF /L make T RF—NEZRCE SO, HAT makefile jcﬁﬂmim
e R UE make (150 BB EAf. K0k, A make (1) 56 UM 25 0840 S makefile 3. /)
A H AT AT Tows, AR H AT LR autoconf 55 T2 HRAH I AL A% .

—Fﬁlﬂxﬁ'l B-1 ¥ hello #2441, A& %S —> makefile X, B /0 4k H XA
RCHOC R o DR AR ORI OC RAR T, (R AR SR 2, JE3LAE Sk sePH s
LI, KRS E . — MRSV gee KA BUKHE B . gee [-MM iE
T LA H B 5 P54 AL (A 0 &R

5l B-2  H gee AEHK hello F2 15 [ A

$ gcc -MMhello.cprint.c 3% 0 B AR 2R AR AL A 4R A K A&
hello.o: hello.c print.h
print.o: print.c print.h

S_
EU\J_‘%EI&EP%JJDT%MTNE%RJHﬁ’f‘ﬁﬁ%ﬂ’]ﬁ% A, R BRKEOCARM, W
B B-1 Fros. AR RIS T AR RS RO R H AR, PSS AU H AR,

RS PE P Vg EM—AHT SR A S 5 [ M Z G S B A S R AR LI H bR
ik

hello

—

hello.o print.o

bro

hello.c print.h print.c

E B-1 hello 25 A7 make {k it

ME B-1 e LG Y, makefile SCAFTT AL 3 A H AR make BN 55— H bR
hello, M~ H#5 /2 hello.o ! print.o.

51 B-3 4 hello #27/E pk makefile SfF.

4 gec -MM (1% H B 5E 7] 4 makefile SCAF, AR5 PR IX AN SCOF, WS I b B 2B,
AN L4, S T LT makefile, &/ H3 hello (K155 5[] makefile
SCPFe Horb, DA K IAT & RRAT

#asimple makefile for hello
hello: hello.oprint.o

NG 73}
—
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gcc —ohellohello.oprint.o
hello.o: hello.c print.h

gcc —chello.c
print.o: print.cprint.h

gcc —cprint.c

makefile AU T4 =894, ©ib vl LUE S TF R AR oAb e, s e
YmPEit b R g5 RS, R AEE . X e R LLA B4R H bk o
5 B-4 #4530 1E H bt makefile.

# amakefile for hello
hello: hello.oprint.o
gcc —ohellohello.oprint.o
hello.o: hello.cprint.h
gcc —chello.c
print.o: print.c
gcc —cprint.c
clean:
rm-f *.o
install: hello
cphello /usr/local/bin/
chmod a+x /usr/local/bin/hello

echo "Installed in /usr/local/bin"

PL I makefile SCH L5 T ANEIAE HAR: clean 1 install. o, H#FR clean AN
AT SCPF,  SEIZ H ARy 2 2B 50 H ok FIFTH .0 XfF: HAx install K88+ n]
PAT I, SIS i A S T AT SO S B R S bR i dr 4 H s R e SO ErE
fERTAT N AT . X U — AR B makefile 0, SEZERTH K makefile 7] fig4s
A O HT S R LS A R R IR AT A IE T g . D% T makefile it L[4
IEZE LI SCR %R
B.2.2 make ii%

make 2 [ — AT
make [-f XHF&] [BAR]

1. make fy S HIRITIHFE

make 7 2 AT LR 0T -

(1) LI makefile CfF. WSy 21747 -1 LI, make HUIEHBGZIEIFE & (1 SCAHE A
makefile U1, 75 ) make ZRIA TR 27T H 3% F 120 44 4 makefile 5% Makefile 1304
PRAT $ 1% CAF make BHRASIEH .

(2) e B H br. make 7F makefile SO b A 82 5036 & 11 H AR S5 00 o
WER AT TR HPR 23, WBA N — A~ HFs. %, makefile W25 —AHRFRA “d
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ZHR”, Es& make A EAIH HIR, WHURZRA 4™ 5. i, FEFTie
makefile H1, ZH—HE H PR helloo Kk, B0 FATME S, 04T make 5%
make hello 423 T f1 AT 44T 3CAF hello.

(3) BBTHFR. make 7/E5FT—A> HARAT, S22 85 A AT BT A 30

T HA (h A PRI

@  FKEIHFR A XN

@ XFHER A RSO Dy G e Dy AT W IE SEET R, W 58T H AR Dy

@ AW HAR A 2O LR, WRFHEER, AT A BRI AL

ATDVAEH, IR, o, “2OHAR D MRS SR HER A7
AR TE 4 HEIT . XA AR RAE T 58 KRG R IR dee i T UG 8 A0 34T, L
doe o BB a2 SR E 1 H ARl 2 Hbr . Bdn, /555387 hello fi, 5522508 hello.o #
print.o.

2. make 57 ff 245

5l B-5 LA hello #2)7 4491, 151 make (1) H .

$ 1s
hello.c makefile print.c print.h
$ make #4 X make hello #25

geec —¢ helle.c
gcc -c print.c
gcc —o hello hello.o print.o

$ 1s
hello hello.c hello.o makefile print.c print.h print.o
$ make # A/ X make hello #F5
make: 'hello' is up to date.
$ touch print.c ¥ E #H print.c LG5 HCE A
5 make #fF s make hello 25

gcc —-c print.c

gcc -o hello hello.o print.o

$ make clean FIA R A B AR D
$ 1s
hello hello.c makefile print.c print.h
$ sudo make install LR THATE R, 545 B4R

Installed in /usr/local/bin
$ hello

B e e e e e e e e

* Hello world! *

P i i i e i i i i e e g i

$

FERXAME] 7, 2 K HAT make I, BT H AR SO RTAT AT SIS AN AE
make 322 1 7E R T T AT ) HARACI SCAFRTRT AT SR o Bl 5 FHAIRAT make i,
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FERA BSOSO, T make AR AT AT SR RAE. RAECT printe SUfF)E
CGiX HLLUEEOR T E AR R, 53T make B, BT print.c (#3048 HE 5
T .

AT make clean B, i+ HAx clean AMEHATAT LA, [KI make E2IG 4 Hgh AT
clean ATy 2, EFR.0 CfF. W4T make install i, 3 H#x mstall 75T 5 2411
5 hello, [HM, make K ¢ 5640 A hello /&7 ZEHHT, Q1 & AN A& e 14 gk 7 A i
B, ARG HAT AR 14, %23 hello #2)7. Sbfih, 7E404T make install I} hello
SEEGHTIN T, JTLL make KT T install (138 4E . 0t install #RAEKF TTHRAT SO hello S
Fl/usr/local/bin H ok, fFILAT DUZ ILAL Shell iy &—FF HAZIBETT, LR EHIDATE
(K A /usr/local/bin H sl % UV 3 7F Shell 111y 243 £ 1% 1242 52 SPATH .

B3 ARXTENSE

FEPF RO A S B L S HT I G BT 5 DR 5 i 1 T R B T 45 L7,
LR R B350 TR R i R 26, (ELA B R T L T DK A A
HERE, 3R ACR

Linux 545 FISATIA S gdb. SR GNU C/CHREFFIORIE, iR TE |
yik. gdb TTLASEA SRR G, SREEbIAT. BUTERG AT, AR
SRR R IR T SRS, o AR S SERT B ATIN (K P S . A7 A
0L DL BRI (O R A (A BRI BRI . gdb [9Th A LFE

o PEHIRLFIOIEAT, kBRI RS S I A

o KBTI IIRA.

o EhAH TR TR

AT 2E gdb BH A AT, ST AN R RS SR A48 gdb AR
HATEMAS. T gdb FIEAINTHRIS 2% odb TH.

B.3.1 gdb %4

Ji5)) gdb 12 F
gdb [-q] [THATLH]

TEDH F167E gdo IIBAT /75, A7-q IEI A= AL RRA o B i

AT EERE T gdb 1AM, RIEERRER R LA AT AT AR SO . 10
K TAEREFFRES B gdb P4, 5 SEAEGR PEIN I b-g ZEI, 4 AR B A T A s In@ish
FIRHALE e 4N, RIS RAE R AL B AT I e, BRI ek S s —— %R,
JT EAG P I AN 22 0-O DAk

gdb [ERAEAT SRR, KEArg e A SEa S, LR B-1.



st B Linux CHATEBT

£ B-1 EAK gdb BERS
) 2 w2 & X
run HEGHAT A LT
step PAT —ATIEARHS, 52 R Z0R I ER A R LA
. next PAT AT IS, AR REN
o finish PATRR AT, R
ooy | conime TR
until PAT BRI ARG A AT B EAT
kill 2R R R
quit iR gdb
break a1
watch T I
W7 £ delete M2 435 5 (1) 0BT
B clear T B DB R
disable 2R AT R
enable FRVFASE FH 3 W i
print AR e AR A
N ptype R E 2 R R E S
ﬁiﬁ display WE B REEN, FURTEER SR HE
- whatis oA )R
X £ A N A7 Edis
set variable WEAREMNE
info args R SRR S E R E
RZE& info breakpoints TR AT T S S
58 info display TR RS R R A A i el A A
A ifi show args BRFETNIsiT S
backtrace R R AR H AR
A file I ER AR
1 list BRI IR
By help woRm 2 MIEME R

gdb 7T AT MgR R VE S shell Air AT AL, WImTLLA] Tab S SCBLar 455, HILEF

A KBRS, F Enter EER A ird4E.

Ak gdb i S FFfa i, RIH

TN AT — AN . 2 B-1 PRS- FR NS ITS .
B.3.2 gdb 89EH

LAF L —ANfa] $ i 81) 7oR s gdb 19 i YW A

151 B-6

kA

" “bug” [¥) gdb_demo FEF¢, BESILATHE S ML i A
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ANPrEE, R B iR FEF YY) gdb_demo.c U1

i H AT IEAFEF +

FTLLVE MR FIs AT h R AE T WARBLIRRR, SERF . TR .

1. EARET

EERE) gdb, A TTHATFLR gdb demo. HEA gdb J&H run i TTEAHAT R
(FEF . run fy 20k R0 F

run [3EA7 54




MRB Linux CFFETEBN %

gdb 4R AR TR, PR AT R EL strlen() RIS E] SIGSEGV 155, ek,

2. RERLHEENE

AT AEIEER  IFRT, A7 ZE0f e w2 e Ab b k. X IR AT LAY backtrace
AR FUH T (1 ek U B AR, P R IR A o] B0A R

MERERIEE R DUE Y, A IR e EOM A C R 0 . main()P A T reverse(), Jo
F XA T R0 R 2L strlen() WA A2 7E 55 84T, BIFRAT strlen() s IR, {H7F & reverse()
BREUN 5L str A F4RE, R BRI,

3. FHIRRES

gdb FEHIREFFAZAT (LA BA SIS AT, HAT 9 RFR IR I wT LARE I 4 list
A RERRREFLLRAT SE R, List iy 21kl T

list [H47%]
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% gdb g5 VR B, EEFFE 8 ATH strlen( R EL, E IS HL str 2 7E 21 1T
H reverse() bR ELI AL 3 1L R (1) A8 & string, K {HHMSEIT) /L string. % ZH 18 4T string
g S, KRILTEHARIIAE: string #7 € AR char RAFRER, WAV, XSHT
scanf() BRI E RN, strlen() BR A A2 P9 A7 ER L R

B gdb, BECUEAGEE 18 47, HHigmiE ik gdb demo F2)¥:

(gdb) quit < iB ¥ gdb

A debugging session is active.

[Inferior 1 (process 3018) will be killed]

Quit anyway? (y or n) y
$ vi gdb demo.c HEBCRARAH 18 474 : char string[80];
$ gcc -g -o gdb_demo gdb _demo.c
5 gdb -g gdb demo

Reading symbols from /home/cherry/debug/gdb demo...done.
(gdb) run

Starting program: /home/cherry/debug/gdb demo

Input a string: hello!

The reversed string is:

[Inferior 1 (process 3053) exited normally]
(gdb)

SR TR, BEURHITERRERR T NAEBOEE, (HIsAT 8 R AR A

4. WEMT S

TERERF AT, EER P2 MR ERE TR, By, ATUEER
IS AT I 28 T 1) 2840 LR IS BRI A v . gdb 3240 T 2 RhFR P X, w I
A T ORI IO o R 2 DB R B K e R e At B A, R R H R
JEL A

Wi sk (breakpoint) & A R EFFE P HRAT LR 08 B (08 452 e M2 AT 2007 2 Ak it
W EEtT, AT R AR IIHATIRE . A (watchpoint) 2 IR Eg A48 Sk
Fik AR B B e 2 I R S i 48 R AR SR B B2 5 R R . T
TR N AR FE 1 () R AT I S TR iR R OR B B, AR5 702 B AL 4 A W i S
A7 I A I ) H A A R

(1) WHEW, WA

break 477 | & 4

AT QEIRE MM B BN . A4 TITS, MIBHEIZTAL; HE 2 mid,
W) ¥z 1% PR R R — A PTA Tif f Ak o 45 B 382 [0 B 223 14 20 5 (4t ) R P 5 T
(2) EFWA, w2

info break

A ER TN NN REL PN EY SR



e Lwux CHA&EITIEET

(3) fHlpREr L, a2
delete breakpoint [Bf. &% 5]

i R S MR SR E i T (T, WERANE S 5 S8 R I BRI AT 1R 7 25

(4) BrEII T, A
watch &

%A 2R gdp BRER SR E 22 B AR 2R .
TR L W R SRR 4

(gdb) break 21 e 21 ATREW &S L
Breakpoint 1 at 0x40068e: file gdb demo.c, line 21.

(gdb) break reverse L————= f£ reverse BN DL FE L 2
Breakpoint 2 at 0x4005e2: file gdb demo.c, line 8.

(gdb) info break L————- & A W B4 A

Num Type Disp Enb Address What

1 breakpoint keep y  0x000000000040068e in main at gdb demo.c:21
2 breakpoint keep vy 0x00000000004005e2 in reverse at gdb demo.c:8
(gdb)

5. IREFIBITHR

FEIFFEWT AL i, HRE AT LU B R I 2 AR AS, BT EE. mEus
T N AE LN AR B &, AT AR 12 4T 10 2 ar &5 0 A . KA SE
BeJE, VAR T LU fr 2 K B R AT B 0, AT 8N AT R, K
TEAREER . AREL R BRIP4, 16 Mz i s Tl F B A R &N A,
AT LT M8 BRI A T I AR A A S AR R, AT A R A () R

I Eos LR ER T 2 W R

(1) BoRBRIE, i

print [/#X] R&EX

a2 Won e Rk (RIS 10, IR AR IR AR 5 S it 5 a4
VEAEH . )75 H1 1 FFaail v g . w U e e BUE R -, B — A FRRR. &
IR A ¢ BRI, s AP, x A FoNdbmlgcr 8y, d 4 a3emEc 8.
RB W oRFEE SR BT, nT LU g Mtk @n” SRR, n K . Wl print *array@8
¥ B E A array AT 8 1L,

(2) WHE AR, ekt

display Fik X,

BEFEF RN, gdb F B3 BoRFTas s UE.

(3) HUDHAT, it

step [473] BL next [4T4]

\<D



382) Linux JBIERGEEN ., RIPSMA (56 2 k)

P 2 AR PATTR C ATEL CBRIAH LAT) Jaf T PIa X B, a8 3 ek 20
FENR, ArESRARENEE WAL,

(4) ZRELIT, W

continue

PAT B R — W7 BRI 4R

(5) ERHTAEIE, e

until [4T5]

PATEFE AT, R —HRIAT 54k H SR AR A A 04T 2B BG4 .

LT H gdb SREREFFE P PAT I FE

(gdb) run <————= TrHsiEAT, &2 1
Starting program: /home/cherry/debug/gdb demo

Input a string: Hello!

Breakpoint 1, main () at gdb demo.c:21

21 reverse (string) ;

(gdb) ptype string L 2 string #§E A E 3L

type = char [80]

(gdb) print/c *string@7 <———— AF TG X BT string #5987 7 A

$1 = {72 'H', 101 'e', 108 '1', 108 '1', 111 'o', 33 '!', O '\OOO'}
(gdb) continue S EEPAT, 1SR S 2

Continuing.

Breakpoint 2, reverse (str=0x7fffffffdeb0 "Hello!") at gdb demo.c:8

8 size = strlen(str);

(gdb) info args E===== FABHG S, ERETHHAEEIEH
str = 0x7fffffffdeb0 "Hello!"

(gdb) step Fmm——e Fg PATH 8 4T

9 for(i = 0, j = size; 1 < size/2; i++,j—) {

(gdb) print size e ¥ size T2, #RIEH

$2 = ¢

CAEFRESSFER I, R 8 2 5 SEAE ) R . DAL, ST REH AR 1 3t )y 2 for
TEHARN o IZAS for PRI B AUR e L, RS HIA str P Sk i) ()28 20 56 B 7 A5 11
X BUR T BT IAATT 46 4k, SRJE BREREFFE TR AT SR, &8 st AL 3e1k.
A e I, LU BRAERS TR TR S <.

(gdb) b 10 Lo BB L E® 5 3

Breakpoint 3 at 0x400600: file gdb demo.c, line 10.

(gdb) cont Fm———e 2R AT R B S 3, Eamds str B
Continuing.

Breakpoint 3, reverse (str=0x7fffffffdeb0 "Hello!"™) at gdb demo.c:10
10 temp = str[jl;

(gdb) cont Gm———e SREEBAT, BEAH 2 BAEIR, str X AT



BRB Lix CHETAEBRN %

LR, RRRIEIRSORUS, str IURSHAAE B . BEZIE su[0]5 str[STUkAAcHe,
T9EB7 A ste[0] 5 st[6JEAT T AcH, BUE stef6] 11 V0" FAFAHE T str[0], st LA
W, R B | VM BB AR

ARSEIT, WU 2 BRI 3 RRAIEERR str 9451

DL_b BRER S R B IR 2 B E R 2 R 23 1B . 0k, B ORI L I .

6. F gdb T4 T

gdb ARVFERALFE h shS R B ERNE, FIFHIX I8 DOSEIIEAE s e
P AT RIS FAE IEFERFIT) bug FRE0EIE P 45 K

16 D40 T A 1) g 4 A2t

set variable ﬁﬁ.{ﬁﬁ:ﬁi&

FEAGI R, AT RS R R IR A R R § AR R PIME B AR, W%
size—1. DLFEHLIEATIMED ) R ORIETIRAE, dFEWT:




it A L GRS AT EA, LIRS . B RRIPE 9 170
for(i =0, = size-l; i < size/2; ix+, 3

PR ETAS, PEEH G P YR AR IR Y. e di-g T, XA AT AR HR kAT AT AR
Rt
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